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Zt  is  desired  to  eipress^  to  the  eeveral  agoncies  and  the 
IndlTidnals  directly  concerned^  appreciation  for  their  contrihutione 
in  this  effort*  The  ^olehearted  and  unreserved  support  afforded  hy 
all  participants  in  this  project  resulted  in  an  extremely  smooth- 
running  operation  in  the  face  of  numeroue  ohetaclee  and  a  yield  of 
data  which  was  far  above  all  e^eotations* 


I 

ABSmCT 

^Keasnrements  were  made  of  ai^litude,  wave  type,  frequency* 
propagation  velocity  and  attenuation  of  elastic  waves  generated  by 
^bomb  tests  taking  place  in  the  center  of  a  large  land  mass*  This 
was  aoco^ilished  by  utilising  data  from  existing  seismic  observe^ 
tories  and  supplementing  these  sources  with  data  obtained  from  stations 
Installed  at  strategic  locations  for  the  purpose  of  the  test*  Infer¬ 
ences  are  drawn  about  the  capability  of  establishing  sealing  laws  and 
of  determining  the  energy  in  the  blast  by  seismic  measurements  taken 
at  long  range*  It  is  iiq>lied  that  additional  effort  will  be  expended 
in  the  analysis  of  records  collected  with  the  anticipation  that  such 
effort  may  produce  criteria  for  distinguiahing  between  natural  and 
artificial  seismio  events*  In  addition*  the  advantages  to  long»range 
detection  of  the  seismio  and  acoustic  techniques  working  In  oonosrt 
ere  cited. ^ 
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lh«  otJeotlTO  9f  tMa  project  vae  to  gain  a  more  eoa^lete  under- 
itanding  of  eeieaio  ware  ^opagation  emanating  from  atomio  tlaete  in 
order  that  the  routine  operation  of  the  eeiemio  eoo^onent  of  the  Atondo 
Xnerg^  Detection  fl^etem  ma^  he  ii^roTed* 


2.0  HIgPORIOAIt  AID  OSaOBIglCAL 

Die  portion  of  the  aeinnio  epeotrum  ^ieh  vill  permit  th«j  maxi- 
flum  eignal-to-noiee  ratio  for  the  recording  of  eeiemio  ener^  from 
ii-blaete  hae  been  poetulated  from  a  etxidjr  of  eeiemio  reoorde  obtained 
from  all  echedoled  A-bomb  burete^  together  with  an  inteneive  eeiemie 
reeearoh  program*  Belemlo  reoordinge  of  OBEBSHOUSI  blaete  indicated 
that  there  aB7  be  a  eignal  idiioh  ie  charaoterietio  of  thie  type  of 
erent*  Zt»  therefore*  beeomee  deeirable  to  rerify  thie  obeerration, 
and  eren  to  accent  the  pretence  of  eueh  eignale  buried  in  background 
noieot  by  applying  the  tame  procednree  of  correlation  ^ich  were 
worked  out  at  the  Saval  Ordnance  Laboratory  Aoouetiee  Dirieion  under 
AJOA^l  fSroJect  inthoriaation  V/29*  In  addition,  prerioue  i^bomb 
blaete  occurred  at  looationa  where  there  wae  no  poeeibility  of  check¬ 
ing  on  theoretioal  aaauq>tiona  that  firet  motion  from  artificial 
eeiemie  erenta  would  be  ooBg)reoaicno  on  all  acimutha  ^ereaa  firet  ’ 
motiona  from  teotonio  ewenta  would  be  alternate  coi^reaeione  and 
rarefaotiona  in  the  eeweral  ipiadranta*  file  ooaibined  programa  of 
BKTSlkR  and  JABOZJ  offered  an  excellent  opportunity  for  eoai^aring  at 
one  location  the  affeeta  of  large  blaata  occurring  in  the  air,  on  the 
aurfaee  and  under  the  groxind* 


3.0  ZgSIBJIflmfATIOy 

Znatrumentation  alloyed  in  thie  experiment  included  accelero- 
metere,  dieplaOMent  metere,  tiltmetera  and  relocity  eeiamogre^e, 
fhece  were  deployed  with  an  aaeortaent  of  28  aooeleronetera,  die- 
placement  metera  and  tiltmetera  operated  by  the  U*  8*  Ooaat  and  Oeo- 
detio  Oorrey  and  producing  28  traoea  for  oloae-in  (leaa  thaui  20  km) 
meaeorementa;  7^  dieplacement  metera  along  a  profile  between  Beno, 
lerada  and  Areacott,  Ariaona  operated  by  the  1009th  Speoial  Veepons 
Squadron  peraonnel,  auperwlaed  by  the  bval  Qrdnanoa  laboratory,  and 
producing  74  trauea;  and  26  velooity  metera  and  one  long-period  die- 
plaoament  meter  operated  at  long  range  (9OO  km  to  27OO  km)  by  Beers 
a*^  Heroy  and  producing  39  traoea,  for  a  grand  total  of  129  inatru- 
menta  producing  l4l  traoea. 

fiming  for  oloae-in  meaeurementa  waa  obtained  orer  wire  linea 
with  aignala  originating  at  the  control  point  and  furniahed  by 
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Idfartoai  Oarmsahanesn  and  Grier*  7imlng  for  the  profile  vae  obtained 
b7  radio  oomonieation  between  the  oontrol  point  and  the  esveral  inetm- 
■ent  looatione*  Tiaing  at  reaots  looatione  was  obtained  b7  oonrentional 
obserTator7  practice*  Correlation  of  the  tiuea  at  theee  eeTeral  pointe 
was  obtained  b7  relating  to  world  time  as  broadcast  b7  WT*  Hscording 
was  done  in  soae  eases  on  photographic  paper*  in  others  on  photographic 
fils  and  in  still  other  cases  b7  utilising  pen  and  inh  on  paper  record¬ 
ers*  Details  will  bs  cov'sred  in  ippsndieee  X,  3  and  0*  In  addition* 
the  Pasadena*  Berkele7*  and  U*  S*  Coast  end  Geodetic  9arTe7  seisaograph 
nste  were  alerted* 


4*0  OPmJIOHS 

X  field  headi!|uarter8  was  established  at  Indian  fl|prings  Air  force 
Base  which  prorided  a  secure  anal70is  rooa*  a  radio  net  control  known 
as  AZIBO  end  a  oerre  center*  with  telephone  covunications  orer  direct 
lin*9s  to  the  control  point*  to  the  Las  Vegas  long  distance  switch¬ 
board*  and  to  the  local  tel^hons  S7eten*  Badio  eonmnications  were 
prorided  en  3032*3  &nd  613O  ke*  together  with  a  channel  on  the  NiRS 
network*  with  prorisions  for  patching  between  radio  and  telephone 
oireoits*  TransBissione  were  made  slealtaneousl7  on  both  3032*3 
6130  ko  and  were  used  for  adninistrativc*  technical*  logistic*  and 
tining  purposes*  Time  signals  were  broadcast*  oosunencing  with  a 
verbal  announeeaent  at  ainus  30  ninutes  and  comprised  pulses  at  one- 
seooad  intervals  froa  aiaus  13  minutes  to  alaus  five  aiautesi  a  period 
of  quiet  froa  minus  five  minutes  to  acinus  13  seconds;  a  st8ad7  tons 
Aroa  minus  13  seoonds  to  mintu  five  seoonds;  a  period  *  quiet  ftoa 
minus  fire  seconds  to  zero;  a  fiducial  at  ssro  and  pulses  at  one- 
second  intervals  froa  plus  two  seoonds  to  plus  30  minutes*  Vired 
signals  for  olose-in  stations  provided  do  pulses  at  minus  13  seconds* 
minus  five  seconds*  sero  end  each  second  from  sero  to  plus  30  minutes* 
At  remote  locations  operations  started  at  minus  two  hours  end  ran 
oontinuou8l7  to  plus  four  hours*  fieismogriqph  observatories  in  the 
Pasadena*  Berkele7*  end  U*  8*  Ooaet  end  Geodetic  8urve7  nets  had  been 
requested  to  change  their  records  at  noon  so  that  there  would  be  no 
chao'e  of  losing  a  trace  from  this  cause*  Xzisting  observatories  were 
considered  to  be  operational  on  24-hour  basis  so  no  further  commanica- 
tion  was  attei^ted  with  these  units*  Stations  operated  b7  Beers  and 
Eer07  were  given  a  schedule  of  daTS  and  houre  of  proposed  tests  prior 
to  the  start  of  operations*  Bece88ar7  changes  in  this  schedule  were 
oornmnicated  b7  telephone*  referring  to  the  written  oomsninioation  b7 
paragraph  and  line*  Instruotione  and  changee  in  schedule  were  oomjnni- 
eated  to  the  U*  8*  Coast  and  Geodetic  8Qrva7  for  their  oloo»«in  opera¬ 
tion  b7  personal  contacts  with  the  project  officer*  &e  profils 
extending  from  Bano*  Bevada  to  Prescott*  Arisona  posed  the  greatest 
number  of  operational  problems*  S>ese  problems  were  solved  b7  dividing 
this  profile  into  seven  sub-unite*  designated  as  Able  throu^  George* 
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re^eetiTely*  Zaoh  subunit  vae  plae9d  under  the  leaderehip  of  an  Air 
Torce  officer*  Zhese  were,  in  turn,  aeBietsd  "by  civilian  pereonnel 
lelected  froa  the  Savel  Ordnance  Lahorator^  becauee  of  their  faailiar- 
it7  with  the  eleotronio  equlpsent  es^lojed,  and  the  entire  effort  vae 
coordinated  throu^  an  Mr  Torce  najor  eervlng  in  the  capacity  of 
technical  liaieon*  Becauee  of  the  tine  required  to  travel  from  the 
reepective  billeting  areae  to  the  operating  eitee  (in  eosie  caeee  ae 
■uch  ae  73  ailee  with  large  portione  over  pathe  vhere  q>eede  were 
United  to  five  s^h),  together  vith  the  neoeeeit^r  to  operate  the  equip¬ 
ment  for  five  houre  prior  to  chot  time  in  order  to  aeeure  etabilit^  of 
operation*  it  vae  neoeeear^  to  connit  the  profile  operatore  to  an 
operation  baeed  on  the  foreoaet  probabilitsr  reeulting  fron  the  meeting 
held  at  the  oontrol  point  at  2000  houre  on  I>»1«  ▲  t^pioal  operation 
ie  ae  follovst 

Xanediatelj  folloving  the  2000  briefing  at  the  control  point* 

It*  Col*  Vignall  called  headquartere  at  Indian  Sp^^inge  to  indicate  the 
probability  of  meeting  the  teet  eohedule*  T^on  receiving  vord  that  a 
morning  teet  vae  probable*  headquartere  contacted  each  of  the  euper- 
vieore  at  their  req>ective  telephonee  giving  then  the  forecaet  hour 
of  the  ehot*  the  date*  detaile  pertaining  to  radio  alerte  and  timing 
eignale*  and  technical  infomation  eo  that  each  eeiemogr^pb  could  be 
adjueted  to  the  optisun  eetting  oorreeponding  to  the  prognoeticated 
energy  level*  Cie  eupervieore  relayed  neoeeeary  Information  to  indi¬ 
vidual  field  tease  vho  in  turn  immediately  moved  into  location*  U^on 
arrival  at  the  reepective  eitee  they  itarted  their  pover  unite* 
reported  into  iZTSC  oontrol  by  radio  and  prepared  the  technical  equip¬ 
ment  for  the  eneuing  operation*  9Mb  equipment  vae  run  for  a  long 
enou^  period  to  become  etabilieed  and  each  team  member  had  Inetru^ 
tlone  that  thie  etable  condition  suet  be  achieved  at  leaet  one  hour 
prior  to  Bcheduled  ahot  tine*  At  minue  30  minutee  iZIXO  oontrol  eent 
out  a  coded  meeeage  indicating  that  no  more  radio  tranemieeione  vould 
be  permitted  except  in  extreme  emergency  conditione  and  the  Atomic 
Xnergy  Oommleeion  tranemittere*  4o0  vatte  each*  put  their  earriere  on 
the  air  on  both  AZTXC  frev^uenciee*  At  minue  I3  minutee  the  Atomic 
Xnergy  Oommleeion  tranemittere  eent  puleed  tonee  vhich  vere  required 
to  adjuet  eignal  levele  into  the  timing  mechanieme  at  each  eeiemic 
etation*  Cieee  tone  burate  pereieted  until  minue  five  minutee*  then 
there  vae  Juet  the  carrier  until  minue  I3  eeconde*  I^om  minue  13 
eeconde  to  minue  five  eeconde  there  vae  a  eolid  lOOO-cycle  tone.  Ihie 
tone  vae  terminated  leaving  only  the  carrier  and  vae  folloved  by  a 
eero  fiducial  ^ich  vae  immediately  folloved  by  lOOO-oyole  tone  burete 
accurately  epaced  in  one-eeoond  intervale  vhich  continued  from  eero 
until  plue  30  minutee* 

Xach  operator  in  the  field  had  a  table  ^diich  indicated  timee  at 
vhich  he  might  expect  eeiemic  arrivale  and  air  vave  errivale.  All  of 
theee  vere  ei^ected  to  be  over  even  at  the  meet  remote  etatione  vithin 
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30  alnutes  of  sero  tloo*  Olpon  eoiplatloii  of  the  teet  run  the  operator 
•tasked  hie  record  tape,  filling  in  preecribed  data  pertinent  to  the 
run,  shut  dovn  hie  etation,  signed  off  b/  radio  with  iznc  control  and 
traveled  b/  ve^ons  carrier  fron  hie  etation  to  the  nearest  air  field, 
Eie  recorde  vere  picked  up  b/  a  3^23  aircraft  which  left  Indian  firings 
on  a  pre-arranged  schedule  for  the  e^gpress  purpose  of  rapidly  colleot- 
ing  all  data  and  of  bringing  superTisors  to  Indian  fljprings,  OJpon 
arriral  of  the  courier  airoraft  at  Indian  fljpringe  the  supervieors 
worked  up  the  individual  de.ta  tapes  for  their  respective  stations  and 
turned  over  these  t^es  to  a  group  which  reviewed,  plotted  and  eval¬ 
uated  the  reeults  fron  the  entire  systea,  Following  this  evaluation 
there  was  a  nesting  of  the  supervleors  wherein  general  problene  were 
discussed  and  aethods  for  oorrecting  these  were  disseninated,  Xach 
si^erviior  was  givan  a  eritiq^ue  of  the  perfornance  of  stations  in  his 
unit»  together  with  technical  information  which  would  ioprove  his  sub- 
seq^uent  effort.  On  0  plus  1  day  the  supervleors  vere  returned  to 
their  base  units  by  aircraft  and  the  pertinent  infornation  acquired 
at  headquarters  was  dissesdnated  to  the  field  teams  for  use  in  sub¬ 
sequent  tests. 


3,0  MSOLTS 

Zn  order  to  appreclato  fully  the  eignlficanee  of  the  results 
obtained  in  operation  ij  aust  be  realised  that  the  arrays 

located  at  8»2^t  9»3^t  9»d  t  geocentric  angle  ere  in  a  belt 

(7^  -  l6°)  defined  ae  a  close-in  eeisalc  ehadov,  Ooneequently,  the 
establishment  of  detection  within  this  bolt  permits  one  to  extrapolate 
that  detection  would  be  accomplished  under  einilar  conditions  at 
considerably  greater  distances  on  the  far  side  of  the  seisnio  shadow 
^ere  detection  would  be  less  difficult.  In  addition,  it  is  necessary 
to  understand  that  difficulties  In  processing  contracts  and  other 
formal  papers  resulted  in  an  inability  to  equip  the  array  locations 
with  the  latest  developments  in  inetrumentation  and  consequently  these 
arrays  were  not  performing  at  a  level  consistent  with  proven  technical 
capabilities,  Bevertheless  auoeessful  data  vere  obtained  as  indioated 
in  Table  1,1,  Extrapolations  from  the  profile  records,  ^ere  all  shots 
have  been  normalised  to  Charlie  burst  and  the  ratio  of  maxi  mm  recorded 
amplitudes  ie  plotted  against  ratio  of  energy  slse,  indicates  that  the 
Surface  and  Underground  shots  are  about  equivalent  to  Baker,  In 
addition,  calculatione  based  on  measurements  of  seiemic  energy  made  at 
the  souroe  indioate  that  the  Underground  burst  should  be  deteoted  at 
20^  geocentrio  angle.  These  calculations  and  extrapolations  are  con¬ 
firmed  by  the  observations  in  Vyomliig  (IO69  km)  where,  in  fact,  the 
recordings  of  the  Sorfaoe,  Uhderground  and  Baker  shots  were  made. 
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ZABIl  la 


Sumar^  of  Seiuic  XnergT’  Data  froB 
BU8nB/JAIQZJ  flbott 


Slot 

Instrument  Gain 

Naxinm  fiange  Becorded 

km 

Degrees 

Oeocentrio 

Able 

600,000 

200 

1.8 

Baker 

2:1 

300,000 

1069 

9.6 

Oharlie 

6ii 

700,000 

1069 

9.6 

Dog 

6tl 

600,000 

1069 

9.6 

lasjr 

1069 

9.6 

Burfaee 

ItX 

400,000 

911 

8.2 

Under* 

ground 

2tl 

1069 

9.6 

fartlolpatlon  in  BUBTXR/JAVOZJI  pemltted  us  to  obtain  data  for: 

1*  Sstemlniog  soloaio  attenaation  oonatants  for  sxirface  OTents 

2*  Flaoing  braekete  on  oapabillty  of  doterniniiig  onergT’  at  the 
source  froa  renote  Beasureaicats 

3*  Inoreasing  knovled^  of  source  conditions  and  energ7  level 
abicb  hare  a  direct  bearing  on  propagation  b7  seismic  means  to  long 
range 

4*  Assigning  figures  of  merit  to  the  contribution  to  be  expected 
froB  a  seismic  station  at  a  given  location  and 

Investigating  scaling  lavs. 

Zn  addition,  ve  nov  knov  that; 

1*  The  seismic  energj  of  co^ressional  waves  froB  an  ^bomj 
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'blast  is  contained  in  the  two  octaves  between  0,3  second  and  two 
seconds 


2*  fhe  aslmthal  effect  is  real  and  that  first  notion  is  con* 
pression  for  all  locations,  hut  this  anst  he  tendered  because  recording 
site  conditions  na^v  cause  an  arrival  to  he  so  energent  that  first 
notion  cannot  he  determined  unless  three  coiponents  are  eaqpl07ed 

3«  fiiere  is  no  apparent  change  in  period  with  shot  sise,  within 
the  range  of  sizes  observed 

4*  filers  is  a  tendency  toward  one  cycle  per  second  waves  for 
first  arrivals  regardless  of  shot  sise  or  zero  location  or  whether  the 
blast  is  in  the  air,  on  the  surface  or  under  the  ground. 


6.0  PI80U88I0H 


In  a  program  as  extensive  as  iliis  where  l4l  seisnograns  were 
obtained  for  each  of  the  several  bursts  it  is  not  to  be  i:qpeeted  that 
detailed  and  coiplete  analytical  studies  oan  be  inclrded  in  a  report 
subaittod  so  early  subsequent  to  the  conclusion  of  the  field  effort. 
Material  has  been  selected  to  furnish  a  fair  measure  of  the  success 
of  the  operation  froa  the  standpoint  of  long  distance  recording,  fiie 
inferences  drawn  have  been  stated  and  in  general  it  is  not  anticipated 
that  conclusions  reached  will  be  ^preclably  altered  by  further  studies. 
In  every  case  questionable  data  and  doubtful  conclusions  have  been 
omitted.  It  is  interesting  to  note  that  for  shots  occurring  at  the 
same  zero  location  (Baker,  Charlie  and  Ibg)  records  were  very  nearly 
similar  to  each  other  except  for  an  increase  in  aaplitude  for  succes¬ 
sively  larger  bursts,  fiie  preliminary  waves  from  Xasy  fall  near  the 
same  pattern  as  those  from  earlier  tests  but  the  vav»>to*wave  sesiblance 
breaks  down  almost  completely  In  the  surface  groTsp  due  to  a  shift  in 
the  sero  point  by  approximately  one  km,  A  log  log  plot  of  selsmlo 
ajm)litudes  versus  energy  is  included  both  in  the  U,  8,  Coast  and  Oeo- 
detio  Survey  and  Vaval  Ordnance  laboratory  reports,  (See  Appendices 
A  and  2,)  It  appears  to  be  of  significance  that  a  straight  line 
drawn  throu^  the  points  representing  Baker,  Charlie  and  Sog  agree  for 
both  olos»-in  and  remote  measuremente  and  indicates  a  square  law 
relationship.  As  a  first  approximation  it  Ba>'  be  concluded  that  a 
measurement  of  the  amplitude  of  a  trace  is  indicative  of  the  energy 
in  the  blast. 
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7.0  OOKOXUSIOKS 


In  ounelueion  it  is  felt  that  the  eel  Bale  euTTeillanee  eos^onent 
oan  Bake  tinique  oontrihutiont  in  the  following  fields: 

1.  It  prOTldes  a  nethod  of  detection  i^ich  ie  oi^ahle  of  work¬ 
ing  in  concert  with  acouetic  techniquee  for  aarginal  eituatione  result-* 
ing  fros  high  acouetio  background  or  eeaeonal  effects  which  prerent  the 
placing  of  an  epicenter  bjr  strictly  acoustic  aeans* 

2.  It  offers  a  real  poeeihility  of  placing  brackets  on  the 
energy  of  the  buret  by  eeiendc  oeaeiirefflents  made  at  remote  distances. 

3.  It  is  still  the  only  system  which  can  detect  true  sub-sur¬ 
face  event  B* 


8.0  B00MMSyDATI0K8 


It  is  recommended  that  an  attes^t  be  made  to  solve  some  of  the 
anomalies  i^ich  appear  to  be  associated  with  the  shift  in  shot  point 
and  zero  conditions,  this  can  beet  be  accoiiplished  by  a  limited  study 
of  burets  at  close  range  and  a  direct  cosparison  between  the  double 
integration  of  accelercgraph  moasuremente  and  direct-reading  displaca- 
ffient  Bsasuremente.  &:ch  an  undertaking  ie  proposed  in  connection  with 
Operation  SSAFPIE  scheduled  for  Msy  of  19f)2. 


Flg«  1*1  Tent  on  Hillside 


I 

! 
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Fig.  1.2  Interior  of  Tent 
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PRBVIOOS  PAlk  WAS  BUNK  THOTFOTB  WAS  NOT  FIIMED 
▲OODVLBDOKBirT 


fht  authors  vish  to  taka  this  opportuJilt7  to  oomsnd  tho  airmen 
and  offioers  of  the  1009«h  fipeoial  Weapons  Squadron  for  their  outstand* 
lac  perfomanoe  in  reoordiof  the  data  at  tbs  profile  stations*  The 
hl^ealiber  work  of  these  operators  and  superrisors  in  processing  and 
an^7SiBf  the  data  in  the  field  under  adrerse  oonditione  and  with 
limited  time  schedules  indicated  a  profound  interest  in  the  project  and 
a  good  understanding  of  the  prooednres  and  ohjeotives  inrolred*  It  is 
doubtful  if  more  oo^petent  operators  and  si^erTisors  oould  have  been 
found  even  among  soientifio  personnel  ylth  ^eolfic  backgrounds  in 
seismologjr* 


PREVIOOS  PAGE  WAS  BXANK  THSHEFOFB  WAS  t?OT  FIIMED 
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PfiBVIODS  WAS  THSKKTORS  WAS  NOT  TIXMD 


ABSTRACT 


This  rq)Ort  corers  the  prellBlnar^  azvl  field  analyBls  of 
profile  eelsnlo  data  from  six  atomic  events t  Tour  airhursts,  one 
surfaos  shot*  and  one  underground  shot*  These  data  were  recorded 
hetvsen  20  and  4^0  ka  from  the  shot  point*  ranging  from  Beno,  Nevada 
to  Prescott*  Arisona*  Differences  and  similarities  in  seismic  signals 
are  notv<d*  travel-time  ous'ves  for  '^irst  arrivals  were  plotted,  and 
struoture  of  the  crust  in  a  portion  of  the  southwest  United  States 
is  inferred*  Periodic  content*  dletrihution  of  maximum  recorded 
aiplitudes  with  distance*  and  variations  of  maximum  recorded  ampli¬ 
tudes  with  shot  site  are  plotted  and  hriefljr  discussed.  Nethode  of 
field  ana'iysls  are  described  and  suggestions  made  for  future 
analysis  of  these  data*  The  data^  ia  most  cases*  will  allow  refine¬ 
ments  if  sufficient  time  is  uvailahle  for  further  arrJLy&is. 


raeVIODS  PAdE  was  plank  THEHtPCfRK  WAS  NOT  IlIMED 


A«1,0  AOmOBiZAlIOI 

This  analjBis  vae  authorized  b7  Eeadquartere,  USAF,  Office  for 
Atonic  Xnerg7,  008/0,  APOAT-1  through  the  Office  of  Naval  Beeearch  aoi 
vae  prforned  under  TaAk  Bdffh;.r  Additional  vork  euch  ae 

eite  eeleotion,  inetruotion  to  Air  Torce  pereonnel  in  inetrunent  opera¬ 
tion,  and  field  ooneultation  vae  aleo  performed  b7  Acouetice  Eeeearch 
Oivieion  x>ereonael  and  an  operational  fUJBBar7  report  of  theee  activitiee 
will  be  forthcoBlQ^  at  a  later  date. 


A,2,0  IJSTHmcmATIOJ 

The  data  that  vere  analysed  for  this  report  vere  taken  at  the 
profile  stations  during  the  StJSTSB/JABOUH  Operation  usin^  laval  Ordnance 
Laboratory  U  Type  ^A  Seisaographs,  Tigure  A,1  shows  the  spprozlnate 
looations  of  the  stations  in  the  profile.  The  letters  N,  8,  X  and  W 
rsfer  to  the  approximate  dlreotion  of  the  stations  frAn  grcrind  ssro  at 
ths  Xevada  Test  Site  and  the  nutiber  refers  to  the  approximate  distance 
from  the  test  area  in  tens  of  kilometers,  Three^coiponant  stations 
vere  established  at  S-20,  B-20,  8-20,  8-19,  8-l4,  B-I3,  8-12,  8-11, 

W-11,  8-11,  8*11:  and  two-eoiponent  stations  were  established  at  8-2, 

8-3t  84,  8-3i  8-7,  8-S,  8-9  and  S-10,  All  ihe  remaining  stations 

oontained  a  single  vertical  seismograph.  The  tvo-oomponent  stations 
contained  two  horizontal  seiomographs,  oriented  so  that  one  reccrded 
transverse  (T)  motion  and  the  other  longitx^inal  (Z)  motion,  relative 
to  the  direction  from  ground  tero.  The  three^ooiponent  stations 
oontained  two  horizontal  instruments,  oriented  as  above,  and  one 
vertical  seismo^^h.  In  addition,  extra  vertical  instruments  vere 
installed  at  8-b,  8-9' and  S-10  for  JAHOIX  shots  and  the  transverse 
instrument  at  ^2  was  replaced  with  a  vertical  for  these  shots, 

Seoords  vere  taken  ueing  Xeterline-Angus  recorders  run  at  a  tape  speed 
of  spproxiaately  12  inches  per  minute.  The  timing  marks  recorded  vere  I 

supplied  by  radio  from  the  Nevada  Teet  8ite  and/or  by  deck  clocke  ^ 

and  chronometere  which  vere  periodically  calibrated  with  WWT  timing.  | 

A  fiducial,  or  shot  instant,  pules  was  broedoaet  for  most  of  the  events 
by  the  Test  Site  Badio  and  vae  recorded  to  varying  degrees  of  satis¬ 
faction,  Instrument  parameters  (period,  damping,  oalibration  defleo- 
tion,  and  sensitivity  setting)  vere  recorded  before  and  after  each 
"signal”  run.  Before  the  eeiemographs  vere  taken  into  the  field  they 
vsre  calibrated  on  shaking  tables  at  the  iaval  Ordnance  laboratory  and 
their  individual  calibration  constants  (7)  vere  determined. 


A,3,0  OPXBATIOhAl  AKALY8I8  07  BATA 

The  station  operators,  aeeisted  by  their  supervisors,  performed 
the  initial  analysis  of  their  records  before  forwarding  then  to  a 
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central  field  office*  !Biie  consieted  of  noting;  on  the  records  in  the 
hlanke  of  a  etaap  provided  for  the  purpose,  the  following: 

(a)  Station,  conponent  and  date 

(h)  Tine  of  calibrations,  calibration  eencitivitiee  and 
calibration  deflections  in  scale  divisions 

(o)  Damping,  period  and  ran  sensitivity 

(d)  Ghrononeter  error  (at  time  of  shot)  end  first  arrival 
time  (time  in  seconde  from  fiducial  to  first  arrival) 

(e)  True  tine  of  first  arrival,  true  tinu  of  maximum 
arrival 

(f)  IXiration  of  signal,  dondnant  period  of  signal 

(g)  ▲  calculation  incorporating  some  of  the  above  informa'- 
tlon  to  mrr^e  at  a  value  for  the  maxioum  en^jlitude  in 
microue  (lO“^cn) 

Ciie  anal/eis  from  all  statione  vae  spot-checked  and  cospiled 
in  the  field  office  and  rou^  estimates  of  travel-times,  an^litudes, 
periodic  content  and  trace  characteristic e  were  obtained  to  enable 
the  project  officer  of  the  contracting  agency  to  make  post-shot 
reports*  The  information  contained  in  the  remainder  of  thie  report 
tupersedee  any  information  given  to  the  project  officer  for  use  in  the 
post-shot  reports* 


a*4.o  caoioaio  ooHsiDmTiogs 

To  facilitate  brevity  in  thie  report  only  general  statements  of 
the  surface  geology  will  be  given  here*  The  deposit ional  and  tectonic 
history  of  the  region  covered  by  the  profile  vae  such  that  the  surface 
layers  underlying  stations  1^6  thrcu^  N>1^  are  different  in  lithology 
and  structure  from  the  surface  layers  underlying  Btatione  S-2  through 
S-13,  reference  (l)*  Geologic  foundations  at  the  individual  statione 
nay  be  expected  to  affect  the  recording  of  seismic  energy,  and  the 
majority  of  the  stations  were  therefore  located  on  con^etent  forma¬ 
tions  ranging  from  coarse-grained  granites  through  rhyolites  to  dense 
limestones  and  metamoiphics*  The  stations  which  can  be  coneidered  as 
being  located  on  eemi-coneolidated  formations  are  &>13>  ]^7i  S-l4, 

S»15,  B-20,  S-25  axid  ]fr-ll*  Stations  which  were  located  on  unconeoli- 
dated  formations  were  5-20,  S>10  and  &*S*  The  semi^consolidated  sites 
consisted  of  loosely  cemented  sandstones,  small  fractured  limestone 
outcrops  STurrounded  by  large  areas  of  alluvium,  breccias  and  fractured 
leetamorphlcs*  The  unconsolidated  sites  consisted  of  alluvium  valley 
gravels  or  small  outliers  of  incos^etent  formations  in  valley  alluvium. 
It  is  expected  that  the  major  effect  of  the  geologic  characteristics 
of  a  site  on  the  recorded  seismic  sii^ialB  will  be  evidenced  in  the 
seismic  c  .splacement  with  perhaps  a  minor  effect  in  the  periodic 
content  of  the  records*  It  has  been  observed  by  many  seismologists 
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A,1 


Apparent  Tirat  Arrirale  Shots 
(Seconds  After  Detonation) 


Station  and 

. . 

trnder» 

OoB^onent 

Baker 

OhATliS 

Dog 

XaB7 

Oroond 

H  7.2  A  • 

a.?** 

2.92 

2.56 

• 

5-2  • 

• 

^.82 

5.10  d 

4.83 

- 

5-2  s 

- 

4.9  d 

5.10  d 

4.8  d 

- 

5-6  s 

- 

12.25  d 

12.4  d 

12.0  T 

11.6  d 

5-7  « 

- 

14.05  d 

i4.3  d 

i4.i  d 

13.4  d 

5-8  z 

15.0 

• 

15.1  6 

18.6Td 

14.1  d 

5-9  s 

17.2 

17.1  6 

17.3  6 

17.0  d 

16.1  d 

5-10  z 

18.9 

18.8  d 

19.1  d 

18.9  d 

17.4  d 

5-11  s 

- 

20.1  d 

20.4  d 

20.2  d 

18.6  dt 

5-11  X 

22.3  f 

20.4  u 

20.4 

19.8  u 

- 

B-11  7 

• 

22.3  d 

mism 

• 

5-12  B 

22.3 

22.0  d 

22.2  d 

20.4  d 

H-li  s 

• 

23.6  d 

23.7  d 

22.2  d 

5-14  s 

26.3 

25.8  d 

25.9  d 

24.2  d 

5-15  * 

26.9  T 

27.2  d 

27.2  d 

25.9  d 

5-20  z 

33.6 1 

33.“*  d 

33.4  d 

33.4  d 

33.5  d 

5-20  X 

- 

- 

- 

33.35 

33.5 

5-20  7 

• 

• 

s# 

• 

• 

5-25  * 

38.9  » 

- 

38.9 

37.9  4 

37.6  d 

5-30  z 

- 

46.0 

^.7 

45.8  d 

51.4  dt 

5-35  * 

5-40  s 

51.4  T 

57‘5  » 

50.5  ? 

- 

59.5  dt 

* 

• 

5-45  z 

- 

65.8 

65.9 

- 

- 

8  7.2  A  • 

2.20 

2.30 

2.0  T 

- 

S-2  • 

3.t5 

3.6  t 

3.61 

- 

6-2  X 

3.7 

3.'t5  n 

3.5  n 

3.55  n 

- 

S-2  7 

3.8 

" 

3.55  d 

3.6  d 

- 

S-3  X 

- 

5.0  u 

5.0 

5.2  n 

6.2  u 

6-3  7 

L—Z _ _ 

- 

5.0 

5.4  u 

'  • 

*  Ooast  and  Oeodetlo  Sorrif^  Station 
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lABLS  A«1  (Oontlmiad) 


ipparent  ?lr8t  irrlTala  Tot  Shots 
(^eoonds  After  Detonation) 


Station  and 
Ooqponeot 

Baker 

Qiarlie 

Dog 

Sae.v 

Under- 

Oround 

S-4  z 

7.0  u 

7.1  u 

7.2.  u 

7.9  u 

&-4  y 

- 

- 

- 

7.8  1 

- 

5-5  X 

8.45  ? 

8.3  H 

8.4  u 

8.3  ‘a 

9.4  u 

8-5  7 

- 

- 

- 

8.9  ? 

- 

5-6  z 

- 

10.2  u 

10.3  u 

10.2  u 

11.3  U 

5^  7 

• 

10.6  d 

10.  f  d 

10.2 

11.1  d 

8-6  s 

- 

• 

• 

• 

11.1  d 

5-7  z 

• 

11.9  u 

12.0  u 

12.0  u 

12.9  u 

^7  7 

- 

12.4  n 

12.0  d 

12.5 

13.2  u 

5-8  z 

- 

13.7  u 

13.  S  u 

13.7 

1»^5  11 

8-8  7 

.. 

13.8  n 

■■■ 

- 

15.0  u 

ft-9  X 

• 

15.2 

15.4  tt 

ig.i 

^9  7 

4m 

15.1 

Kg^B 

15.0 

rse 

8-10  z 

5-10  7 

17.5  i 
17.4  d 

i6.5  tt 

i6.7  d 

16.7  ^ 

15.9  n 

18.9  u 

8-10  t 

• 

■BH 

• 

• 

1S.4  d 

5-11  z 

IS.I 

17.6  u 

17.5 

19.7  ti 

8»11  7 

18.9  4 

18.1  u 

17.7 

- 

5-11  a 

18.9  4 

17*6  u 

17.5  d 

20.0 

8-12  z 

■HU 

19.9  n 

20.0  u 

22.0  t  u 

5-12  7 

• 

* 

— 

20.7  u 

- 

5-12  t 

• 

20.0  d 

20.4  u 

20.1  d 

8-13  X 

22.3  d 

22.2  d 

22.3  d 

21.6  u 

23.4  u 

8-13  7 

- 

22*2 

- 

- 

- 

8-13  * 

22.2  n 

22.1  u 

22.2  u 

22.4  u 

23.2  u 

8-l4  z 

23.2  n 

23.0  u 

23.1  u 

23.1  n 

24.4  d 

8-14  7 

24.9  u 

24.2  d 

24.3  d 

23.7  ti 

24.8  d 

8-14  I 

23.7  ^ 

23.7  u 

23.6  u 

23.7  ^ 

25.0  d 

8-15  X 

25.8  d 

25.7  <1 

26.1  u 

25*2  u 

26.5  d 

8-15  7 

- 

25.8  d 

25.8  d 

25.8  d 

- 

TiBU  JUl  (OQntlnTLed) 


j^^partAt  Tirst  Arrirali  Tor  8hoto 
(Bocoodo  After  Detosation) 


Btation  and 
Oo^onent 

Baker 

Oharlle 

Bog 

Sai7 

Under- 

Qronnd 

8-15  1 

25.7  ^ 

25.2  d 

25.3  » 

25.2  d 

26.5  n 

B-20  X 

33.6  u 

- 

- 

- 

- 

8-20  7 

- 

- 

33.6 

- 

^20  1 

- 

31.0  u 

- 

31.1  u 

31.8  u 

8-25  > 

38.9 

- 

38.3  d 

38.3  8 

3«.9  » 

8-30  t 

• 

■SEHI 

4U«8  d  1 

miiM 

8-35  » 

«> 

52.1 

k!hH 

8-^  1 

- 

57.7 » 

»45  1 

“ 

63.9 1 

■ 

BH 

»-U  X 

23.0  u  T 

• 

21.7 

22.0  u 

8-11  7 

• 

• 

- 

23.0  d  T 

- 

1-11  f 

«• 

• 

a.s5  d 

a.6  d 

a.i  d  1 

8-20  X 

• 

• 

33.0  u 

- 

33.3  t 

8-20  7 

- 

- 

35.4  u 

- 

- 

8-20  1 

- 

- 

33.1  <l 

32.9  8 

33.6 

V-11  X 

• 

3-9.5 

19.6  n 

19.5  u 

20.4  d 

¥-11  7 

• 

- 

- 

- 

- 

¥-11  s 

• 

19.5  d 

19.6  1 

19.5  8 

20.5  d 

Yeit  B  « 

• 

3.64 

3.83 

3.% 

— 

*  Ooait  and  Oeodel 

(ie  Sorrer  81 

Nation 

I 
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can  bs  extended  to  450  kn  vlth  san/  etrong^  umdetakable  second 
arrlrals*  The  equation  of  the  trarel-tlne  eurre  for  Charlie  and  Dog 
conblned  le 


idiere  t  le  the  tine  In  seconds  and 

Z  le  the  eplcentraX  dletance  in  klloaetere* 

fills  equation  vae  derived  by  grrphical  means,  rather  than  by  a  least 
eqnare  solution*  An  Interesting  thing  about  the  second  arrivals  com¬ 
prising  the  line  defined  by  equation  A«1  is  that  they  appear  as  conpree- 
eions  at  the  Ibrth  stations,  and  rarefactions  at  the  South  stations* 

At  about  24  to  25  km,  a  strange  anomaly  occurs,  the  arrivals 
at  stations  S-2  and  S-3  occur  0*4  to  0*6  second  earlier  than  <he 
esqiected  times  from  the  above  travel-time  line.  5o  esqilanation  for 
this  is  presently  available*  Another  anomaly  is  a  line  running 
parallel  to  the  above-mentioned  first  arrival  line,  but  arriving  0*4 
second  earlier*  fills  early  line  extends  from  2^11  to  S-15*  She  sur¬ 
face  geology  in  this  area  exhibits  a  high  degrss  of  oon^lex  folding 
and  faulting  and  the  sisqilest  explanation  of  ths  early  arrivals  is  to 
postulate  a  block  x^lift  of  ths  higher  velocity  basement  rocks  associ¬ 
ated  with  Cl?  causing  this  surficial  coaqilexity* 

file  travel-time  line  given  by  equation  A«1  intersects  vhat  is 
i^proxi  mately  an  8  km/sec-velocity  first-arrival  travel-time  line  at 
about  153  Arrivals  which  fall  on  the  8  kL'/oeo-lir.e  were  found  to 
extend  back  (as  second  arrivals)  at  least  to  ??-7  (about  76  km)  and  may 
perhaps  be  present  even  closer  to  the  shot  point*  Shoes  second  arrive 
ale  are  very  striking  on  the  Vorth  stations.  The  second  arrivals  on 
the  seismograms  can  be  seen  getting  closer  and  closer  to  the  first  on¬ 
set  until  at  B-15  it  comes  in  with  great  strength  as  a  first  arrival* 
fhe  equation  of  this  second  line  is 

t  -1.6*  .  (A.2) 

The  equation  of  the  line  determined  from  the  obvious  later 
arrivals,  primarily  those  read  cn  the  transverse  cooponent  tapes,  is 

t  -  1.5  +  •  (A*3) 

This  line  represents  the  refracted  transverse  (C)  wave  corre^onding 
to  the  refraoted  longitudinal  (?)  vave  given  by  equation  A*l* 

A  preliminarT  analysis  based  on  equations  A.1  and  A.2  and  the 
data  in  reference  (2)  places  the  refracting  depth  associated  with  the 
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6  10D/te»»Teiocit3r  at  epproxiaately  a  depth  of  two  hlloseters,  and  the 
depth  aeeoolated  vlth  the  S  km/eec-reloelty  line  at  about  30  hau  The 
anal/ale  aeaumed  that  for  ehot  the  effeotlre  lipact  arrlred  at  the 
earth  0*3  seooad  after  the  shot  time*  fhia  aseujqptlon  «ae  baaed  on 
the  data  giren  In  rafarenoe  (3)» 

The  tlae-dletanee  chart  for  the  Undergrotind  shot  Indicated  that 
batveen  3I  and  13O  ka  the  line  of  flrat  arrlTala  la  given  by 

t  -  0.9  a  .  (1*4) 

Zhla  aquation  shova  the  approximate  correctneaa  of  the  laat  aaauaptlon 
In  the  abCT^  paragraph*  Arrlvala  at  atatlona  8-10,  and  8-12 

appear  to  be  about  0*3  second  eail^*  Attention  ie  called  to  the  fact 
that  the  flrat  arrlvale  for  &t^2  to  ft-l4  ara  coii|>latel7  alaalng  at 
theaa  atatlona*  The  apparent  flret  arrival  a  at  theae  atatlona  aaem  to 

be  that  of  the  vavea* 

c 

There  were  only  a  few  flrat  arrlvala  to  determine  the  S  km/aec- 
velocity  line  (P^)*  However  theae  were  combined  with  the  later  arrive 
ala  to  determine  the  line 

t  »  7.1  4  .  (A.5) 

The  difference  In  Intercept  time  between  aquatlona  iu3 
la  seen  to  be  0*3  second*  1  line  roughly  paralleling  that  defined  by 
equatlcn  A*3  and  coaprlsed  solely  of  South  station  arrlvala  la  also 
suggested  by  the  travel-time  chart  for  the  Underground  shot*  Its 
equatlbn  Is 

t  =  (a.6) 


fills  line,  If  real,  may  be  asaoclated  with  the  transformed  refracted 
wave* 


file  plot  of  the  obvious  later  arrivals  for  the  Undergroiuid 
shot  shows  considerable  scatter,  idioee  slgnlfloanee  cannot  be  die- 
euased  here*  fiie  line  through  the  most  and  earliest  of  these  arrivals 
was  found  to  be  defined  by 

(A.7) 

fills  line  corresponds,  of  course,  to  the  8  wave  prevloualy  defined  by 
equation  1*3* 
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TlrBt  arrlTals  vara  axamlnad  to  datermlna  vhathar  coa^reBBloc 
iB  the  flrBt  notion  on  eXl  azlsatha  from  an  ezploBlon,  ae  contraeted 
with  alternate  compreeBlona  and  rarafactlona  for  flrat  motlonB  relating 
to  tectonic  eventa*  The  direction  of  firat  deflection  at  Tarioua  ata^ 
tiona  for  aeveral  ahota  ia  glTen  in  Table  A«1  beaide  the  time  of  firat 
arrival  idvenever  thia  vaa  read*  In  thia  table,  refera  to  an  upward 

notion,  "d*  to  a  downward  motion  on  the  record  with  time  increaaing  to 
the  an^yat'a  right*  lor  a  vertical  inatniment  a  downward  notion  (d) 
correaponda  to  a  compreaalon  and  for  a  horizontal  inatrunent  an  upward 
motion  (u)  correaponda  to  a  con^reaaion*  It  will  be  noted  that  for  the 
great  m^ority  of  the  atationa  and  eventa  the  aeiamograma  exhibited 
cospreaaion  aa  the  firat  motion  on  both  the  longitudinal  (Z)  and  the 
vertical  (z)  componenta*  (C\e  tranaverae  consonant  ia  diaregarded  in 
thia  diaeuaaion  becauae  firat  arrivala  on  the  tranaverae  conponenta 
were  email  and  often  Illegible,  and  firat  motion  either  up  or  down 
would  only  be  an  indication  of  how  cloae  the  inatrument  waa  oriented 
with  regard  to  a  txnie  bearing  to  the  ahot  point*)  However,  an 
intereating  phenomenon  oocura  in  the  region  between  ^11  and  &-15* 

Some  of  the  reccrda  taken  at  theae  atationa  exhibit  an  apparent  rare¬ 
faction  aa  the  firat  motion* 

An  examination  of  the  Charlie,  Sog  and  Saay  reoorda  ahovad  that 
at  1^11,  compreaaiona  arrived  aiaultaneoualy  aa  firat  arrivala  and  wera 
ragiatered  for  both  Z  and  Z  ooaponenta*  At  S-12,  a  ooqpreaaion  waa 
racorded  on  Z,  a  rarefaction  on  Z;  the  Z  arrival  ooming  in  earlier* 

At  &-13*  alniltaneoua  rarefactiona  were  regiaterad  aa  apparent  firat 
arrivala  on  both  the  Z  and  Z  eosponanta  for  ahota  Baker,  Oharlle  and 
Dog,  and  on  the  Z  cooponent  for  ihot  Xaay*  However,  a  coBpreaalon  waa 
exhibited  aa  firat  motion  on  the  Z  coaponeut  for  Xaay,  the  largeat 
ahot,  and  the  arrival  time  waa  earlier  than  that  on  the  Z  co^>onent* 

At  S-lh,  the  Z  component  conaiatently  lad  the  Z  component  in  time,  and 
arrived  aa  a  compreaaion;  the  Z  coxaponant  appeared  an  a  rarefaction* 

At  &-15,  the  firat  motlona  on  the  Z  and  Z  cosponenta  ware  coBpraBaiona 
for  ahot  laayi  the  firat  motion  on  Z  coq>onant  waa  coapreealonal  and 
arrived  ahead  of  the  motion  on  Z  component  for  ahota  Charlie  and  Bog, 
the  Z  component  arrived  appearing  aa  a  rarefaction* 

The  above  leada  to  the  following  concluaioni 

Whenever  a  aeiaodc  arrival  from  an  azploaion  ia  of  auffioient 
iiBplitude  to  appear  aa  the  true  firat  arrival*  the  firat  motion  ia  a 
coipreaalon*  However  the  firat  half  cycle  of  the  wave  may  be  too  weak 
either  on  the  Z  or  Z  cosponent  to  appear  at  all,  and  than  the  firat 
motion  iqxpeara  aa  a  rarefaction*  Zhua  it  ia  not  a  aafe  procedure  to 
aay  that  a  record  vaa  not  that  of  an  azploaion  because  the  firat  motion 
vaa  a  rarefactli’u*  It  ia,  moreover,  of  advantage  to  have  three- 
couponent  inatrumentation  alnce  the  true  firat  arrival  may  ahov  up 
atronger  either  on  the  longitudinal  or  the  vertical  component* 
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furthermore  It  may  happen,  ae  It  did  for  S^ll  to  S-l4  for  the  Under¬ 
ground  shot,  that  many.cyclee  of  the  elgnal  are  not  recorded*  Ferhape 
there  are  certain  geological  fornatlone  more  prone  to  exhibit 
firet  arriralB  than  othere*  ^ie  should  be  investigated,  and  rich 
formations  ehovid  be  avoided. 

Tor  the  Underground  shot,  later  arrivals  at  approximately  six 
and  eight  minutes  were  recorded  at  about  1^  statione.  The  ptvriods 
were  approximately  one  second  end  theee  arrivals  are  probably  reflec¬ 
tions  from  the  earth's  core  or  a  shallower  reflecting  horizon. 


a,6,o  pxbiods 

Seiemic  records  for  Saker,  Charlie  and  Dog  ehote  were  **over- 
lays"  in  the  eenee  that  they  correlate  cycle  for  cycle  but  are  not 
necessarily  overlays  in  regard  to  aaplitudee.  Tor  Saey  shot  discrete 
portions  of  the  records,  especially  in  tlie  early  portions,  were  easily 
correlatable  and  hence  exhibited  the  same  periods  ae  did  records  from 
the  previous  shots.  In  the  above  respects,  for  Operation  SUSTXE, 
periods  did  not  change  from  shot  to  shot  at  any  one  station  for 
similar  shot  points  regardless  of  size  of  shot.  Periods  associated 
with  firet  arrivals  recorded  at  all  stations  were  between  0,7  and  1,1 
seconds.  Periods  of  later  arrivals  varied  from  one  to  two  seconds, 

Seiemic  records  from  the  surface  shot  exhibited  shorter 
periods  more  or  less  ev^eria^osed  on  periods  similar  to  those  associ¬ 
ated  with  the  SUST£fi  records,  Theee  Big;)erinposed  periods  ranged  from 
0,23  one  second  and  occurred  mostly  in  the  early  parte  of  the 
records,  Becorde  obtained  from  the  underground  shot  wore  quite 
different  in  periodic  content  from  the  BUSTER  air  bursts  and  the 
JjLHOIX  surfaoe  records.  Here  the  shorter  periods  occurred  throughout 
the  records  both  as  euperia^osed  and  as  dominant  periods.  These 
periods  again  ranged  from  0,23  second.  The  firet  few  cycles 

of  most  of  the  seismograms  from  all  the  events  seem  to  exhibit  a 
tendency  toward  a  one-second  period,  even  with  the  superposition  of 
the  shorter  periods  recorded  the  JABOLX  shots.  In  connection  with  the 
analysis  of  Charlie  and  Undergro\ind  records  for  the  statistic 
(e^qplained  in  Section  A«6,0)  a  large  sampling  of  ^average  dominant* 
periods  was  obtained,  An  average  of  theee  values  gave  an  "overall 
average*  of  1,10  for  Charlie  (187  easples)  and  0*74  seconds  for  Under¬ 
ground  (173  sai9>les). 


JU7.0  AMPLITUiag 

Tne  aoplitudee  discussed  in  this  section  are  the  maximum  trace 
asplitude  appearing  at  each  station,  for  each  shot,  without  regard  to 
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time  or  vaTsform  correlation  with  any  other  station*  (Ihsy  are  meaenred 
froa  peak-to-peak  and  converted  into  micron  dl^lacemento*  Ihe  meaeiire* 
mente  and  conversion  were  done  in  the  field  and  the  following  analyeis 
is  haeed  primarily  on  the  field  work* 

To  obtain  more  dependable  figure e  certain  corrections  should  be 
applied*  The  meamirement  of  calibration  parameter  and  signal  di^lacs- 
mente  should  be  checked  and  refined*  A  correction  for  frequency 
response  should  also  be  made*  Ae  this  is  an  extremely  time-consuming 
process  such  checking  did  not  appear  profitable* 

In  some  cases  the  trace  ran  off-ecals*  the  pen  failed  to  write, 
or  some  other  fault  occurred  in  the  recording*  In  such  cases  maximum 
ar^litudee  have  been  estimated  wherever  possible* 

The  amplitudes,  ae  described  above,  for  all  stations  and  all 
shots  except  Able,  are  listed  in  Tables  A*2,  A*3  and  a*4*  Table  A*3 
gives  tne  beet  available  distances  of  each  station  from  the  zero  point 
of  each  shot  (except  Able)*  Tigure  A.2  shoves  plots  of  an^litude 
versus  distance  for  the  Korth  line,  Z-conpononte,  for  all  shots  except 
Able  and  Baker* 

The  relation  of  amplitudes  from  shot  to  shot  at  any  given  eta* 
tiun  ie  a  function  of  several  things*  Xnportant  aocng  these  are  shot 
size  and  shot  position*  In  order  to  investigate  the  relation  of  shot 
size  to  aiqplitude  received,  it  ie  neceeeary  for  the  shot  position  to 
remain  constant  or  to  make  correction  for  the  effects  of  change  in 
shot  position. 

Tor  the  present  assume  that  ehot-  position  remained  fixed  for 
all  shots*  Then  the  ratios  of  the  recorded  anplitude  for  one  shot  to 
that  of  another  ehot  at  a  given  station  should  be  the  earns  for  all 
stations*  Tigure  A.2  shows  that  this  ie  approximately  true  in  our 
cane*  By  computing  the  ratio  at  all  stations  and  taking  an  average, 
email  errors  occurring  at  individual  stations  should  be  minimized* 

The  Korth  and  South  lines  are  treated  separately  because  our  aesomp- 
tion  ie  not  quite  true*  If  we  take  Charlie  shot  ae  unity  we  have  the 
ratios  indicated  in  Table  A*6* 

In  connection  with  Iheee  ratios  the  following  things  should  bs 
noted*  Tiret,  many  of  the  amplitudes  for  the  Underground  shot  are 
eatimatee*  Second,  on  the  Berth  line  there  are  only  ivo  stations  hav¬ 
ing  horizontal  components  and  so  the  increase  of  the  ratios  e:diibited 
by  the  Z  components  for  the  JABCLE  ehote  cay  not  be  significant*  And 
third,  while  the  final  averages  cf  the  ratio  for  the  horizontals  on 
the  South  line  do  not  differ  too  much  from  the  averages  for  the 
verticals,  there  wae  much  more  variation  among  the  individual  horizon¬ 
tal  stations* 
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SABlil  A.2 

ftuunry*  of  MaziisaB  lo^litudo  in  Nisrons  of  Z  Ooi^onent 


Station 

HOEZH 

Bakor 

Cbarlie 

Bog 

XaS7 

Sorfaca 

ULaar- 

ground 

2 

4.47 

12.7 

ll^.8 

31.9 

6=75 

8.07 

BB 

- 

- 

- 

- 

- 

- 

6 

1.23 

3.65 

8.0* 

5.64 

1.2l^ 

1.60 

7 

2.  88* 

6.84 

7.39 

12.5* 

1.42 

1.38 

8 

0.471 

i.»^7 

1.73 

2.33 

o.if97 

0.435 

9 

1.12 

2.81 

wm 

5.55 

1.005 

0.977 

10 

0.57 

1.87 

2.03 

3.3* 

0.692 

0.885 

u 

- 

0.818 

1.08 

1.725* 

0.1f21 

0.465 

12 

0.225 

0.758 

0.935 

1.60 

0.i9if 

0.292 

13 

0.297 

0.756 

0.875 

1.73 

0.304 

0.311 

14 

o.ifss 

1.579 

1.77 

2.49 

0.408 

0.612 

15 

0.3if5 

1.001 

1.31 

1.73* 

0.262 

0.234 

20 

0.3‘^5 

1.145 

1.24 

1.73* 

0.304 

0.253 

£5 

0.25 

0.80 

0,91 

1.5“ 

ttm 

0.160 

30 

0.09 

0.291 

0.327 

0.W8* 

- 

0.062 

35 

0.046 

0.13 

0.155 

0.26* 

0.051 

0.068 

40 

0.04i; 

0.11 

- 

- 

0.038 

o.o4 

“^5 

0.0298  1 

< 

o.os 

0.088 

0^036 

0.051 

- 

*XstiBated 


XASI2  A*2  (Oonti&ued) 

AizumrT'  of  HaxlBUQ  ijiplitude  in  Microns  of  Z  Oosponent 


Station 

som 

Baker 

Charlie 

Dog 

Saejr 

Surface 

ISM 

2 

- 

- 

- 

- 

28.4 

22.04 

- 

- 

- 

- 

- 

- 

6 

- 

- 

- 

0.386 

- 

7.8 

- 

- 

- 

- 

- 

9 

- 

- 

0.654 

0.83* 

10 

- 

* 

- 

- 

1.407 

2.13 

11 

0.33'+ 

i.a 

1.35 

2.54 

0.359 

0.80* 

12 

0.206 

• 

1.11 

1.60 

0.249 

0.35* 

13 

0.422 

1.32 

1.56 

0.311 

0.39* 

14 

0.350 

0.87 

1.05 

1.18 

0.423 

0.488 

15 

0.436 

1.35 

1.50 

2.55 

0.275 

0.385 

20 

o«6i6 

1.94  j 

2.02 

2.33 

0.334 

0.46* 

25 

0.06s 

1 

0.2S8 

0.319 

0.049 

0.065* 

30 

0.146 

0.4s7 

0.473 

0.519 

o.o6g 

0.09* 

35 

0.026 

0.067 

0.077 

0.162 

0.018 

0.008* 

40 

0.056 

0.167 

0.175 

0.157 

0.030 

0.043 

o.o4i 

0.061 

0.178  1 

o.ag 

0.026 

0.042* 
_ 1 

*X«tiBated 
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ZASIX  1.3 

doBBary  of  MaxIioib  in  Mloroni 


Station 

80U!IH  -  X  OoBponent 

Sakar 

Oharlla 

D0£ 

Xa07 

8arfao6 

2 

>24.0 

38.0 

- 

34.3 

39.35 

38.2 

3 

9.77 

24.5 

13.4 

14.9 

4.35 

5.712 

4 

3.99 

9.17 

7.1 

- 

2.74 

- 

5 

2.01 

9.98 

11.5 

14.12 

1.69 

2.162 

6 

1.91 

5.52 

5.77 

10.96 

0.804 

1.71 

7 

0.97 

2.31 

2.89 

- 

0.695 

- 

8 

0.44 

4.32 

4.46 

6.14 

0.734 

1.181* 

9 

- 

1.95 

2.88 

4.32 

1.16 

1.59 

10 

2.77 

7.51 

- 

l4.0 

2.03 

2.29 

11 

0.292 

1.87 

2.03 

2.42 

0.3*4 

0.830* 

12 

0.313 

- 

1.15 

2.19 

0.3815 

0.62* 

13 

0.495 

1.32 

1.67 

3.13 

o,4oi 

0.95* 

l4 

0.457 

1.32 

1.30 

2.35 

0.445 

0.577 

15 

1.020 

3.8O 

1.38 

5.79 

0.771 

1.38* 

20 

1.69 

2.23 

5.36 

4.05 

0.523 

0.65* 

*XitlBated 
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lABIX  Ac3  (Oontimud) 

9aBBar7  of  MaziBUB  ii^litade  In  ICioroni 


« 


Station 

OOtnfi  ^  T  Ooi^onent 

Bakor 

Charlia 

Bog 

Saay 

Sorfaea 

Uodar- 

ground 

2 

>24.0 

42.3 

- 

9S.0 

- 

- 

3 

7.41 

19.65 

10.7 

19.6 

4.18 

6.82 

4 

1.90 

2.78 

7.52 

10.1 

1.77 

2.28 

5 

3.91 

9.68 

10.1 

- 

1.81 

1.35 

6 

1.45 

6.28 

7.32 

10.01 

0.759 

- 

7 

1.17 

5.80 

7.34 

11.8 

1.069 

- 

8 

1.02 

' 

2.86 

7.63 

0.905 

- 

- 

2.07 

3.58 

3.27 

0.49 

0.924* 

2.27 

5.81 

6.35 

12.5 

1.477 

1.95 

B 

0.334 

1.43 

1.33 

1.84 

0.407 

0.964* 

0.27s 

- 

1.05 

1.98 

0.53* 

1.07* 

0.665 

1.61 

1.83 

2.64 

0.553 

1.12 

■■ 

0.350 

1.03 

1.38 

2.a 

0.446 

0.910* 

15 

0.905 

1.90 

2.57 

0.446 

0.633* 

20 

1.39 

3.74 

7.47 

0.997 

l.U 

^■tiaatac 

1 
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!UBLB  JU4 

Bojaarj  of  HuciBUB  ijiv’litudo  In  Xlcrons 


Station 

mi 

Oharlia 

Xtog 

SaB7 

Sorfaee 

IBB 

Z  Ooi^onant 

1-U 

1.45 

1.69 

3.02* 

1.56 

1.47 

1-11 

Bi 

3.87 

5.04 

6.95 

1.78 

2.23 

V-11 

0.398 

1.05 

1.36 

1.50 

0.45 

1.10 

1-20 

0.399 

0.938 

1.13 

1.53 

0.404 

0.484 

1-20 

- 

0.836 

1.05 

2.72* 

- 

0.384 

T  Ooiqponent 

1-11 

1.02 

3.1“* 

3.12 

5.14* 

i.a 

2.31 

l-ll 

2.17 

4.56 

5.03 

7.87 

2.20 

3.20 

v-u 

0.610 

O.S79 

1.72 

2.17 

0.788 

0.936 

1-20 

o.ggU 

1.517 

1.7s 

3.37* 

0.538 

0.444 

1-20 

tm 

1.36 

1.60 

M.  1 

1.72 

- 

0.496 

Z  Component 

_ 

1^-11 

0.104 

1.47 

1.88 

2.28 

0.612 

1.00 

1-11 

2.00 

4,98 

6.98 

8.40 

2.00 

2.88 

1-20 

0.493 

1*08 

1.23 

1.72* 

- 

0.350 
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7AfiLK  A.5 

Z)li1ianc«i  in  XlloMitrt  from  Slot  Point  to  Station 


Station 

Baker,  Oharlia 

Bog 

Sai7 

Sorfaoe 

Under- 

grotmd 

5-2 

25.0 

^.IS 

19.7 

17.37 

5-6 

66.2 

65.g 

64.3 

63.7 

5-7 

76.1 

75.7 

73.8 

.73.1 

5-8 

82.1 

8I.5 

78.8 

78.3 

5-9 

95.0 

94.6 

91.8 

90.6 

5-10 

105.3 

104.6 

101.7 

100.3 

5-11 

115.1 

ii4.3 

110.7 

108.9 

5-12 

125.0 

124.3 

120.8 

119.0 

5-13 

13‘».3 

133.5 

129.8 

127.9 

5-1^ 

146.6 

145.8 

i4i.7 

139.6 

5-15 

156.2 

155.4 

151.4 

149.4 

5-20 

206.9 

206.2 

202.6 

200.8 

5-25 

250.6 

249.8 

245.9 

243.9 

5-30 

305.8 

305.0 

301.3 

299.4 

5-35 

355.0 

354.2 

350.4 

348.4 

5-UO 

405.2 

404.4 

400.4 

398.3 

5J^5 

454.1 

454.8 

450.8 

448.8 

5-2 

13.4 

1^.3 

18.88 

21.36 

•-3 

24.2 

25.05 

29.55 

31.90 

0-4 

34.2 

35.1 

39.6 

42.0 
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SiSlA  A. 5  (Oontlna«d) 

Dlitancet  la  CiloMters  fron  fiiot  Point  to  Station 


Station 

Bakar^  Oharlia  1 

Bog  1  laa^ 

Surfaca 

fr-5 

42.7 

43.5 

48.1 

50.5 

ft-6 

53.‘» 

54.3 

61.2 

63.7 

d4.6 

69.0 

■SB 

ft-g 

73.6 

74.4 

78.8 

1 

81.4 

82.5 

83.4 

87-5 

89.6 

5-10 

89.3 

90.1 

94.3 

96.6 

8-11 

98.8 

99.6 

103.7 

105.8 

5-12 

114.0 

114.9 

118.8 

120.9 

8-13 

ia4.a 

125.0 

128.9 

130.9 

5-14 

133.‘» 

134.2 

138.1 

l4o.i 

5-1$ 

145.4 

i46.3 

150.1 

152.1 

8-20 

188.5 

189.4 

193.3 

195.3 

5-25 

237.4 

238-3 

242.2 

244.3 

5-30 

295.6 

296.4 

300.4 

302.5 

5-35 

347.6 

,  .8.4 

352.1 

354.0 

8-UO 

395-3 

396.2 

400.1 

402.1 

^5 

444.7 

445.6 

446.4 

448.5 

V-11 

113-9 

111.8 

112.9 

113.7 

ft-11 

127-2 

126.8 

124,8 

123.6 

5-20 

204.8 

204.3 

199.8 

197.8 
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KILOMETERS 

A. 2  -  Preliminary  Plot  of  Amplitude  vs  Distance 
North  Line  -  Verticol  Con'panents 


ZABLE  1.6 

isplitudei  Horafilised  to  Qharlio 


BQfilH  Lilli 
OOMPOBXHT8 

Z  X  T 

sours  LIKE 
OOMPOISHTS 

Z  X  T 

Baker 

0.345 

0.386 

0.320 

0-333 

0.545 

0.375 

Log 

1.17 

1.18 

1.06 

1*10 

1*11 

1.01 

lasy 

1.99 

1.86 

1.87 

1.5^ 

1.63 

1.68 

Sorfaca 

0.365 

0.76 

0.363 

0.243 

0.260 

0.283 

Under- 

^ound 

0.368 

0.762 

0*507 

0*325 

0.392 

0.497 

Iho  ratios  for  shots  Sasy,  Sorfaos  and  Underground  are  lover 
for  the  South  line  than  for  the  Horth.  This  Mgr  be  due  to  the  faot 
that  in  reality  the  shot  position  did  change*  If  the  sero  point  Is 
Boved  the  aiplltudes  nay  be  affected  by  the  ohaoge  In  dlstanos  and 
travel  path  to  the  station  and  by  the  change  of  sits  obaraoterlstlos 
of  the  sero  area  Itself.  If  the  height  of  the  burst  above  the  sero 
point  Is  changed  the  aaplltudes  will  be  affeoted  by  the  change  In 
l^aot  at  the  sero  point*  or  If  the  height  Is  decreased  below  a 
certain  point,  by  a  change  In  the  Banner  the  energy  Is  transBltted  to 
the  earth.  When  the  burst  Is  hi^  and  the  per  cent  change  of  height 
not  too  large,  the  change  In  height  nay  be  lushed  with  the  slse  of 
shot  because  the  Banner  In  Uileh  the  energy  Is  transaltted  to  the 
ground  has  not  changed*  In  the  case  of  shots  Baker,  Oharlle  and  Bog 
the  only  change  In  position  was  In  the  height  of  buret.  This  was  not 
large  and  henoe,  If  a  correction  were  applied  to  the  else  of  the 
shots,  they  oould  be  ooneldered  as  all  occurring  at  the  saae  altitude, 
lhat  this  assuBptlon  Is  justified  is  borne  out  by  the  already  Bentloned 
remarkable  elBllarlty  of  the  records  (Section  A.S.0). 

The  arguBente  presented  above  allow  us  to  i^ly  the  appropriate 
ratio  froB  Section  A.7.0  to  the  aiplltudes,  gl^on  In  Tables  A.2  and 
A.3,  for  Baker  and  Bog  shots.  This  will  convert  these  data  to  approxl- 
Bately  that  which  would  have  been  obtained  If  shots  of  Charlie  size  and 
position  had  been  fired  In  piece  of  Baker  and.  Bog.  Call  this  computed 
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data  Baker'  and  Bog',  Hov  If  the  data  from  an  indlyidual  etation  for 
Baker*,  Charlie  arid  Bog*  !■  averaged,  the  email  errore  peculiar  to  an 
individual  ahot  will  he  minimited.  The  data  resulting  from  this 
averaging  proceae  will  he  used  to  etudy  the  relation  of  a&^lltudeis 
from  station  to  station.  Table  A*]  lists  these  ^average  Charlie* 
ajqplitudee,  and  Tigure  A,3  shove  a  plot  of  these  an^litudes  versus 
distance*  Qie  straight  line  in  Figure  A,3  represents  a  square  lav 
decrease  of  anplitude  with  distance. 

The  an^litude  of  a  given  station  for  any  one  shot  will  he  a 
function  of  the  folloving  parameters: 

(1)  Looal  site  ^aractcrietics 

(2)  Local  instrumentation 

(3)  Distance  from  the  source 

Although  some  information  has  been  gained  by  preliminary  studies,  the 
separation  of  these  three  effects,  and  possible  definition  of  others, 
presents  an  interesting  problem  for  future  investigatione.  Local 
site  eharacterl sties  have  been  diecueeed  in  Section  A,4*0  and  ae  was 
predicted  sites  on  semi-coneoUdated  and  unconsolidated  formations, 
such  ae  tendencies  to  be  high. 

It  appears  that  in  this  operation,  local  instrumentation  had 
no  major  effect  on  the  aaplitude  variation.  For  instance,  if  an 
instrument  was  incorrectly  calibrated,  i,e, ,  the  wrong  F  given,  this 
would  cause  the  oalculated  aoiplitude  to  be  too  high  or  too  low.  It 
ie  improbable  that  at  the  three-component  stations  all  Instruments 
would  have  an  error  in  calibration  in  the  same  direction.  But  Figure 
1*3  shows  that  all  coB^onents  at  the  three-coB^onent  stations  tend  to 
read  hi^  or  low  together.  Again  if  there  were  a  gross  error  in  the 
F's  the  aiplltudes  would  tend  to  be  hi^  or  low  with  the  F's,  A 
comparison  of  the  F'e  with  amplitudes  shows  no  correlation.  Thus  it 
seems  that  large  variations  can  not  be  explained  by  local  instrumenta¬ 
tion. 


Two  effects  of  distance  on  as^litude  seem  to  show  up  isBedi- 
ately  from  Figure  A«3,  First,  there  is  a  general  decrease  of  aapli- 
tude  with  distance  folloving  eoae  lav  ipprozlmatiog  the  square  law. 
Second,  there  is  a  hujqp  in  this  curve  at  about  I30  km  that  cannot  be 
attributed  to  local  site  characteristice,  Thie  occurred  on  both  the 
Forth  and  South  lines.  An  e^lanation  of  this  in  terms  of  wave 
theory  should  be  undertaken  at  a  future  date, 

fieturning  to  the  relation  between  shot  eise  and  amplitude,  we 
eee  that  if  the  correction  to  ehot  eize  for  Boall  changes  in  height 
of  burst  are  known,  and  if  the  shot  sites  are  known  we  have  three 
shots  to  work  with;  Baker,  Charlie  and  Bog,  For  Xasy  shot  we  have 
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SASII  A«7 


MuIbua  Aivlltudat  in  Mieront  for  *jlTerage  GQiarllo  Shot” 


Station 

Z-0oi9on«nt 

80U1B 

2-Oo^ponant  £-0oqponant  T-Ooi^onant 

2 

12.7 

i 

53.7 

53.2 

3 

- 

- 

21.8 

16.7 

4 

- 

- 

9.08 

5.OZ 

5 

- 

- 

8.70 

9.91 

6 

3.6 

i 

5.‘« 

5.8O 

7 

7.15 

- 

2.57 

5.1^3 

S 

1.44 

- 

3.20  j 

2.77 

9 

3.01 

- 

2.27 

3.30 

zo 

1.75 

7.77 

6.05 

11 

0.87 

1.15 

1.52 

i.a 

12 

0.766 

O.8C9 

0.974 

0.891 

13 

0.788 

1.34 

1.4g 

1.73 

14 

1.51 

0.958 

1.33 

1.11 

15 

i.o4 

1.34 

2.67 

2.02 

20 

1.07 

1.87 

4.00 

3.26 

25 

0.767 

0.233 

- 

- 

30 

0.274 

0.456 

- 

- 

55  1 

0.Z31 

0.072 

- 

- 

40  1 

0.116 

0.164 

- 

- 

45 

0.80  ' 

0.115 

- 

- 

AMPLITUDE  (u) 


two  corrections  to  makej  one  for  change  in  height  and  one  for  change 
la  shot  point.  The  data  from  "average  Charlie"  shot. should  aid  in 
obtaining  a  correction  for  distance.  It  can  be  assumed  that  site 
characteristics  of  the  shot  point  and  earth  structure  over  the  travel 
path  will  be  much  the  same,  Tor  the  JANCU  shots  the  problem  becomes 
more  con^ilicated,  Neverthelees,  if  a  relation  of  ehot  size  to  ampli¬ 
tude  for  alrburst  has  be^in  established,  and  the  sizes  of  the  JANCI^ 
shots  are  known  then  the  equivalent  alrburst  size  can  be  estimated, 

Figure  A,4  shows  a  plot  of  the  amplitude  ratios  againet  shot 
size  ratio  on  the  follow. lug  basis.  The  amplitude  ratios  used  were  the 
average  of  the  North  and  South  line  ratios  for  the  vertical  component 
records.  The  shot  size  ratios  were  obtained  with  respeot  to  Charlie 
and  Baker-tc-Charlie  is  0,194,  Dog-to-Charlie  is  1,34  and  Eaey-to- 
Charlle  ie  1,91*  It  is  found  that  a  curve  representing  an  increase 
in  amplitude  with  the  3/4  power  of  the  shot  size  fits  these  points 
fairly  well,  Ihe  amplitude  ratios  for  the  JANOIE  ehote  arc  then 
plotted  on  this  curve  and  the  equivalent  alrburst  shot  size  relative 
to  Charlie  may  be  read.  This  shows  Surface-to-Charlie  to  be  0,210  and 
Underground-to-Charlle  as  0,24*^,  If  the  anplitude  values  were  refined 
and  corrected  as  suggested  above  and  these  valuee  used  to  con¬ 
struct  a  plot  similar  to  Figure  A,4,  a  better  approximation  of  scaling 
laws  would  bo  obtained.  While  such  an  analysis  would  be  time-consum¬ 
ing,  it  is  believed  that  it  would  prove  a  worth^ile  study. 


A.8,0  ENEflOY 


In  order  to  study  energy  relations  it  seemed  desirable  to 
create  a  statistic  which  would  approximate  seismic  energy  recorded  at 
a  station,  Ihe  following  simple  statistic  involving  anplitude, 
period  and  signal  duration  was  developed.  An  individual  seismogram 
was  divided  into  from  three  to  five  sectionc,  designated  by  (l), 
which  appeared  to  exhibit  similar  periods,  amplitudes,  or  both.  The 
period  associated  with  the  moet  pereistent  anplitudes  in  each  section 
(i)  was  measured  (deelgnated  by  T^)  and  a  zero  to  peak  average  anpli- 
tude  (designated  by.x^j^)  was  estimated  for  the  entire  section  (i) 
in  such  a  way  that  when  squared  it  would  be  approximately  equal  to 


where  J  refers  to  one  Individual  cycle  within  the  section 
(l),  Ihe  timo  of  duration,  or  length,  of  each  section  was  measured 


and  these  factors  were  combined  thusly 


t  1 


end 


will  be  represent-  by  The  Ej^'s  for  the  various  sections  of  an 
individual  seismogram  were  summed  to  obtain  the  statistic  S.  (Z*^Z^) 
This  statistic  is  rcughly  proportional  to  the  energy  activating  the 
seismograph  and  should  indicate  a  major  change  in  period,  anplitude, 
or  duration  characteristics  of  an  individual  seismogram. 
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SEISMIC  AMPLITUDE  RATIO 


The  etatletlc  £  as  defined  above  has  been  coicputed  for  all 
ueable  recorde  from  ehote  Charlie  and  Underground  and  for  a  few  eta-* 
tione  for  ehote  Easy  and  Dog*  Tables  A«8»  A.9  and  A.1011et  these 
values*,  Figures  A«3  and  A*o  show  plots  of  £  versus  distance  for  the 
vertical  consonant  of  the  Korth  line  for  shots  Charlie  and  Underground 
respectively,  together  with  the  correeponding  value  of  aaxlmujD  ac^li- 
tudes  squared*  Both  Figures  ^ow  that  the  aii;)litude 

squared  is  roiighly  proportional  to  the  energy  as  measured  by  the  eta* 
tistlc  £•  The  ratio  of  £  to  the  square  of  the  asplitude  is  higher  in 
the  caee  of  the  Underground  shot  than  Charlie*  This  is  to  be  ejqpected 
ae  the  amplitude  does  not  take  into  consideration  the  hi^er  frequency 
recorded  from  the  Underground  shot*  However,  for  these  data,  it  seems 
that  the  maximum  asplitude  presents  a  quick  way  of  getting  a  first 
approximation  to  the  energy  relations* 

It  has  been  suggested  that  the  statistic  £  might  be  further 
refined  by  applying  a  correction  dependent  on  the  density  of  the 
media  in  the  individual  recording  station  area  and  the  wave  velocity 
in  that  media*  This  amounts  to  converting  from  energy  activating 
the  seismograph  to  seismic  energy  in  the  area* 


A.9*0  APIBNIA  AND  H£COMM£KDATIOHS 

Air  wave  arrivals  were  recorded  at  many  stations  as  the 
acoustic  wave  activated  the  seismographs*  IXrs  to  the  lack  of  time, 
these  arrival  times  could  not  be  tabulated, nor  could  the  wave  forms 
be  studied*  It  would  be  of  interest,  in  future  work  with  this  data, 
to  correlate  the  information  from  these  acoustic  arrivals  with  micro- 
barometric  data  taken  by  other  agencies  during  the  tests* 

An  attempt  was  made  to  observe  the  phase  relationship  between 
the  longitudinal  and  vertical  traces  for  the  first  three  cycles  of 
olgnal  at  a  given  station  for  various  events*  Time  did  not  permit 
enough  analysis  to  arrive  at  any  conclusions,  but  it  is  estimated 
that  the  beet  accuracy  of  measurements  of  phase  angle  from  seiemograme 
would  be  on  the  order  of  plus  or  minus  22-1/2®*  It  should  be  men¬ 
tioned  that  the  difference  in  Instrumeatal  phase  reeponse  between  a 
horizontal  and  vertical  eeiemograph  will  probably  be  on  the  order 
of  17®  ^or  comparatively  wide  but  operationally  possible  ranges  in 
Instrument  parameter  settings*  Further  work  along  these  lines  ie 
recommended  within  the  llmltetlons  of  the  data  and  the  instrumentation 
as  outlined  above* 

The  anelysls  of  the  ratios  of  trace  amplitudes  of  the  horizon¬ 
tal  to  the  vertical  seiemograme  at  individual  stations  for  each  event 
may  lead  to  firmer  criteria  for  station  site  location.  It  ie  believed 
that  much  valuable  information  as  to  local  geologic  foimdAt.j one  and 
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Fig.  A. 6  -  Preliminary  Plot  of  Amplitude  Squared  and  E  vs  Distance 
Underground,  North  Line  Z  Camponents 
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their  effective  aji^lifieatlon  or  attenuation  of  varioue  eectione  of 
the  BignalB  na^  be  obtained.  Time  did  not  permit  euch  a  Btud^  during 
the  course  of  analyelB  reported  on  here. 

])urlng  the  entire  operation  of  the  profile  Btatione^  only  cne 
or  two  natural  eelemio  events  weie  recorded,  and  then  at  only  a  few 
Btatlons  and  with  quite  low  trace  anplitudee.  However,  \dxat  data  are 
available  eho'old  be  checlced  for  idiatever  comparison  information  may 
be  obtained. 

On  the  later  portions  of  Bome  signal  rune,  microseiimlc  back¬ 
ground  was  recorded  with  trace  anplitudoB  large  enough  to  permit  back¬ 
ground  analyelB.  further,  on  13  Hovember  193^,  a  full  houi*  of  back¬ 
ground  was  recorded  at  all  etatione  with  asple  trace  amplitudeB  for 
analysis  purposes.  Vith  stations  qs  close  together  as  lO  km  and  with 
a  total  profile  length  of  9OO  km,  it  should  be  possible  to  correlate 
a  train  of  mlcroseisms  for  the  entire  distance  with  a  high  degree  of 
accuracy  if  cross-  and  auto-correlation  methode  are  used  as  deecribed 
in  the  eeiemlo  reports  on  Project  ¥-29. 

ipprozimately  400  seismograms,  suitable  for  detailed  analysis, 
were  obtained,  from  the  profile  etatione.  Only  a  general  and  hurried 
analysie  hae  been  attenpted  in  the  work  reported  on  here  and  further 
refinement  is  not  only  desirable  but  necessary  before  definite  conclu- 
eions  may  be  reached  regarding  energy  dletributlon  and  strAtigraphy. 
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raevicos  page  was  bunk  thihkpore  was  not  ftimed 

ABSTBACT 


The  U*  8*  Coast  and  Geodetic  9urTe7  participated  in  a  strongs 
ootion  seismio  sarvey  of  BUSTXR/JAHGIS  series  of  es^losicne*  Nearly 
90  per  oent  of  the  energy  which  entered  the  ground  as  seismic  waves  was 
trapped  in  valley  alluvium  beneath  the  test  area*  Kethods  of  energy 
valuation  by  forward  and  badcward  ray  tracing  agreed  with  an  accuracy 
of  less  than  a  ^Aif  order*  An  underground  e^^losion  has  a  relatively 
large  shearing  con^onent^  and  it  sends  a  relatively  larger  ratio  of  its 
seismic  energy  to  distant  localities*  Ihe  periods  of  esplosion-caused 
seismio  waves  apparently  are  independent  of  the  source  energy* 


FREVIOaS  PAGE  WAS  BLANK  THSRSFQIS  WAS  NOT  FIIMED  I 


B.1.0  STATION  DESCRIPTION 


S«l*l  The  U*  S«  Ooaet  and  Geodetic  Surrey  occupied  fire 
statlone  during  the  SUSTSE/JANGUE  operations  as  follows  t 

Station  7 »2A>|  -  North  (hereafter  known  as 

north  A) 

Location  -  3280  feet  (1  km)  S  8S°W  from 
North  JANGU  Zero  (hereafter  known  as  North  Zero)*  See  Figure  3*1* 

Housing  -  Reinforced  concrete  shelter; 

Inside  dlmeuslone  J96  ft*  hy  10  ft;  walle  l4  In*  thick;  entrance  - 
ll^t  tri^  conelstlng  of  two  ships  bulkhead  doors;  pier  -  circular 
60  In*  diameter  by  20  In*  high  at  center  of  and  structurally  separated 
from  floor* 

Underground  -  Desert  valley  alluvium 
probably  I3OO  feet  or  more  deep* 

S*l*l*2  Station  7*2A^  -  South  (hereafter  known  ao 

South  A)  “ 

Location  -  3280  feat  (l  km)  8  gg®W  from 
South  Zero  (hei’eafter  known  as  South  Zero)*  See  Figure  3*1* 

Housing  -  Same  as  North  A* 

Underground  -  Same  as  North  A* 


3*1*1 *3  Station  7*23  (hereafter  known  as  3) 

Location  -  At  apex  of  Isosceles  triangle 
32*800  feet  (10  km)  from  eeich  of  North  Zero  and  South  Zero,  the  two 
seros  forming  the  base;  on  an  alluvial  elope  on  the  west  side  of  the 
valley*  See  Figure  3*1* 

Housing  -  A  frame  etnicture,  provided  with  a 
ll^t  trap  entrance  and  a  30  In*  circular  pier  flush  with  tbe  floor 
and  at  Its  center* 


Underground  -  Probably  fangravel 


Fig.  B.l  -  Location  of  Strong  Motion  Stotions  in  BUSTER /JANGLE 


Station  S-£ 

Location  -  South  point  of  ridge  4*^  allee 
veet  of  the  entrance  of  the  airport  on  Tocca  Lake  (dry)* 

Houalng  •  X  portable  wooden  etructure  with 
a  SBall  independent  pier  on  one  elde* 

Underground  •  Ehjrollte 


Station  fr»2 

i^out  mllee  north  of  ITorth  Zero  on  a 

donee  llaeetone  outcrop* 

Eouelng  -  Same  aa  ^2* 

3*1*2  Three  olose-ln  etatlons  were  occupied  during  JAEULS 
operation  ae  fo Howes 

3*1*2*1  Station  7*23  South  (hereafter  known  as 
Itouth  D) 

▲  burled  box  In  Talley  alluylun  about  1220 
feet  Sif  of  South  Zero*  Occupied  during  the  Surface  shot  only* 

3*1*2*2  Station  7*23  Borth  (hereafter  known  ae 
Borth  3)  (known  Te  7»2I  Eorth  la  other 
report  e) 

A  burled  box  In  valley  alluvium  about  1220 
feet  VSV  of  Borth  Zero*  Desl^tlon  Horth  3  used  hers  because 
distance  to  the  req^ectlve  sero  and  Instrumentation  were  the  same  ae 
South  3*  Occupied  during  the  Uz^erground  shot  only* 


3*1.2*3  Station  7*20  Borth  (hereafter  known  as  Ejrth 
0}  (known  ae  7''23  Berth  la  other  reports) 

A  burled  box  In  valley  alluvium  about  IO3O 
feet  VBV  of  Borth  Zero*  Occupied  during  the  Underground  shot  only* 
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B,l*3  Inetroaentatlon 


Accelerographa 

Tvelve-lnch  drus  vldth  models  vere  e&^lo/sd 
at  rstatlone  South  i,  Forth  X,  B  end  Sdrth  0  conelstln^;  of  one  Tertlcal 
(Z)  and  tvo  horlzontaJ.  (I  and  T)  coaponent  accelerometers  and  two 
horizontal  (I  and  T)  small  model  dlfiplacement  meters,  all  recording  on 
the  same  IS-inch  strip  of  photographic  paper;  paper  rate  23  mm/sec;  also 
prorlslon  for  a  clocJc  trace  with  half'* second  time  hreahs  and  a  fiducial 
trace  to  record  on  each  edge  of  the  record. 

▲  6»lnch  drum  width  model  used  successlrel/ 
at  South  B  and  Forth  B  provided  with  three  accelerometers  and  one  each 
clock  traos  and  fiducial  trace* 


B*l*3*2  Displacement  Keters 

Lorge  model,,  two  horizontal  (I  and  T) 
coiqponents  at  Forth  ▲  onl/. 


B*l*3.3  Yltratlon  Meters 

Torsion  type,  horizontal  cos^onents  In  sets 
of  tvo  each  with  12^1nch  re^'scrdlng  drum  and  provision  for  clock  and 
flduclsl  tracee  at  each  edge  of  record  strip;  paper  rate  20  to  23 
at  Statlone  B,  S-2  and  F-2*  These  Instiamante  are  displacement  meters 
for  all  perlode  to  2*0  sec* 


B.l.3.4  Tlltmeters 


Moving  picture  camera  focueed  on  horizon  at 
Station  South  ▲  during  the  Underground  operation*  Fot  successful  during 
the  Surface  shot* 


Balanced  wheel  -  actually  with  elight  unhal-* 
ance  to  yield  a  period  of  20  eec*  Used  succesefully  at  South  X  during 
Surface  shot  and  unsuccessfully  at  Forth  ▲  during  the  Underground  shot* 


B*l*3*5  Starting  Signals 


Starting  signals  at  minus  13  sec*  and  minus 
3  eec*  were  provided  by  Sdgerton,  ^erneshaaoen  and  Grier* 
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B.2.0  TIST  HBSDLT8 


S*2«l  Wave  To  nag 


B.2.1.1  BUSm  flerUB 

Tor  teste  Baker,  Charlie  and  Bog,  detonations 
occurred  over  the  same  target,  and  the  records  were  very  nearly  facsla- 
lie  of  each  other  except  that  the  aaplltudee  from  succeselve  tests  were 
larger*  Zhe  prelladnary  wavee  fron  laey  followed  nearly  the  eame 
pattern  as  thoss  fron  earlier  teste,  hut  vave-to-vave  eenhlance  broke 
down  alnoet  conpletely  In  the  surface  group*  This  resulted  fron  shift¬ 
ing  the  source  position  by  one  km*  She  periods  of  the  prellnlnary 
waves  were  relatively  long;  a  1*^  to  2*0-sec  period  on  the  longitudinal 
ooqponent  was  dominant  at  some  etatlone  and  underlay  shorter  period 
waves  at  other  stations*  She  wave  forme  of  the  preliminary  waves  were 
more  or  lese  preeerved  from  test  to  test  and  to  some  extent  fron  sta¬ 
tion  to  station  close-in,  but  1*^  to  2*0-oec  periods  were  not  vleually 
apparent  In  the  prellnlnary  wavee  on  recorde  from  the  lake  Head  net 
160  to  216  ka  to  the  southeaet*  Xt  the  latter  stations  the  dominant 
period  was  about  one  second  in  all  groups  although  a  0,U-sec  period 
was  quits  evident  early  on  the  recorde*  Xt  the  cloee-in  etations 
dominant  periods  In  the  surface  wave  group  were  from  0*S  to  1*^  sec* 
Vaves  comprising  this  group  were  quite  conplex*  thle  Is  a  character- 
letlo  of  strong  motion  recorde  from  earthquakee*  !&le  group  was 
formed  fron  a  compounding  of  eeveral  wave  puleee  passing  the  station 
at  nearly  ths  came  time*  X  slight  shift  in  the  tlmee  of  arrival  of 
these  puleei  will  create  an  entirely  different  apparent  wave  pattern 
at  the  close-in  stations*  Tor  this  reason  an  apparent  buret  of  energy 
'.n  the  surface  grorp  does  not  neceeearily  represent  the  arrival  of  a 
lulse  to  which  a  travel  time  can  be  assigned* 

Xt  the  leke  Head  stations,  the  wave  pattern 
is  lees  sensitive  to  slight  shifts  in  eource  position  as  from  Bog  to 
Sasy,  a  shift  of  about  one  km,  or  from  the  Surface  to  the  Underground 
shot,  a  shift  of  4-*3  km*  But  there  is  a  marked  difference  in  wave 
pattern  idien  there  ie  a  shift  in  source  position  of  33  ^  from 
KAHmBB  sero  in  Trenchman's  Tlat  to  the  BUSZKB  seres  in  Tucca  Tlat* 


B*2*1*2  JXHCH  Series 

There  ie  little  similarity  between  wave 
form*?  resulting  from  the  BUSTXR  and  those  resulting  from  the  JXBCI2 
series*  Bominant  periods  near  the  sources  of  the  JX50LS  series  are 
much  shorter,  0*2  to  0*4^  eec,  and  in  one  case  at  the  one-km  station 
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during  the  Sorface  phot,  the  highest  acceleration  was  aeBOClatud  with 
a  period  ae  lov  ae  O.Oy  esc*  Howerer,  there  le  an  outstanding 
characteristic  which  Is  associated  with  the  JAHGLS  experiments  that 
was  also  srldsnt  In  the  dBXXBHOUSE!  experiments:  A  dominant  ware  form 
was  recorded  at  or  near  the  beginning  of  the  record  b7  the  displacement 
meters  at  1000  feet  from  the  North  Zero.  Ihe  period  of  this  ware  was 
0*4  sec  and  the  peak  to  trough  dlcplacemont  was  1*S  cm*  Ihls  period 
wave  carried  as  far  as  Fierce  Jerr7  (2l6  km  southeast)*  A  similar 
wavs  form  was  recorded  at  a  station  1*S  km  from  GSZ3NH0USS  Oeorge  which 
had  a  period  of  1*2  ssc*  and  which  was  recorded  In  the  same  form  and 
period  b7  Fierce  7err7  mors  than  SOOO  km  awa^. 

In  the  BUSTXH/JAKGLI  series,  the  hl£^- 
fre<iuenc7  wavse  were  more  probabl7  associated  with  source  locations 
In  reference  to  the  exirfacs  of  the  gz'ound,  rather  than  with  source 
energies*  The  higher  frequencies  were  dereloped  from  surface  or 
sll^tl7  sub-surface  shources*  Ihe  broad  fronts  from  air  sources  wore 
more  conduclye  to  derelopment  of  the  lower  frequencies* 


B*2*2  Acceleration  Belationships 

Table  B*1  Itemizes  acceleration,  period,  distance, 
relationships  at  close-in  stations*  Accelerations  ^Ich  hare  the 
most  value  from  an  engineering  point  of  rlew  are  those  obtained  from 
the  JANGLI  experiments  at  distances  of  one  km  or  lees*  Howerer,  If 
the  distance  Is  less  than  1200  feet,  the  shock  wavs  arrlres  throu^  the 
air  before  the  ground  ware  has  reached  Its  maximum  acceleration,  after 
which  air-coupled  accelerations  dominate  ths  record  for  a  while*  Air- 
coupled  ylbratlone  appear  also  on  the  displacement  records  but  do  not 
dominate  nor  do  the7  Interfere  mat6rlall7  with  the  general  ware  form* 


B*2*3  Amplltud  s  Belationships 


B*2*3*l  From  Direct  Bscordliy;  Displacement  ICeters 

Ihe  displacement  rocorde  are  Inco&plete 
because  uV  the  time  of  ths  experiments  a  yertlcal  motion  displacement 
meter  was  not  avallabls.  At  the  time  of  the  JANGLE  experiments  the  2) 
stations  were  equipped  onl7  with  an  acceloi'ograph,  and  ths  transyeree 
cosponent  of  the  North  0  displacement  meter  apparentl7  failed  at  the 
time  the  air-coupled  ways  arrlyed*  Table  B.2  tabulates  maximum  dis¬ 
placements  rbgardless  of  ways  form,  together  with  assocleted  periods 
and  distances*  At  distances  greater  than  foxir  km,  maximum  displace¬ 
ments  are  associated  with  surface  wayes  and  ma7  therefore  be  a 
combination  of  two  or  more  ways  pulses  which  are  reinforcing  each  other* 
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lASLB  5.1 


Kazimaa  Acceleraticas 


Statloa 

tnSDIHafiOITKl} 

stmrxcz 

Oiltanoa 

(kn) 

Xcoalera- 

tioa 

(cm/i6C^) 

Period 

(Sec) 

Pletanoe 

;-«) 

Xccelera- 

tioa 

(cB/sec2) 

Period 

(Sec) 

Sorth  X 

1.0 

70.0 

0.3 

>♦.592 

I  13 

1  12 

0.5 

0.5 

South  X 

035 

10.0 

0.4 

1.00 

I  100 
(l  vave) 

(average 

eeveral 

vavee) 

T  43 

Z  28 

0.07 

0.07 

0.16 

0.16 

10.0 

0.5 

0.5 

0.25 

0.5 

10.0 

•  1.0 

0.25 

fr-2 

] 

0  record 

.22ii _ 

South  X 

soa 

XiST 

5.845 

mm 

■a 

13.0 

•0.8 

wm 

lOs 

IK 

n 

8.0 

i.O 

3 

13.-51 

1.0+ 

O.b 

1.4 

0.7 

S-2 

13.50 

ftssu 

S-2 

24.7 

24.0 

T&BLC  2*1  (Oontlxmed) 
Haximua  Aoe«l«r&tlons 


around  OonpXed 

dir  Ooupled 

Station: 

looeleri^ 

Aoeelera- 

flbott 

Coq>^ 

tlen 

Period 

tien  ^ 

Period 

Diitanoai 

aent 

(oa/eeo^) 

(See) 

(oB/eeo^) 

(See) 

lorth  1 

L 

294 

1273 

0.05 

Undor- 

gronnd 

T 

98 

B9 

6l8 

0.03 

0.32  ICB 

T 

24i 

H 

2790 

o.o6 

lorth  Z) 

L 

362 

0.15 

807 

o.o4 

Undop- 

i;ronnd 

T 

87 

0.22 

716 

0.05 

0.37  ka 

T 

181 

0.23 

1010 

o.o4 

South  Z) 

L 

64i 

1455 

0.03 

Surface 

T 

290 

1604 

0.03 

0.037  J™ 

T 

502 

0.04 

- 

- 
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TABU  B.2 


NazlvnJb  Bli^leoement 


Station 

UflKHC^SOUin) 

SOBFAUS 

Blotance 

(km) 

Slq^laee- 

ment 

/V 

Period 

(Sec) 

Distance 

(ka) 

D1  place¬ 
ment 

Period 

(Sec) 

Vorth  A 

1.0 

1700  T 

1500  1 

0.5 

(1  ware) 

0.3 

( lereral 
waree) 

800 

■ 

m 

m 

500 

300 

Ksai 

H 

B 

10.0 

55  1* 

.75 

(after  I5 

eeo) 

10.0 

WStM 

m 

fr-2 

37 

1.0 

Bo 

record 

S-2 

5 

BnH 

19.1 

HH 

B 

Borth  1 

0.32 

9000  X 

IHSBwHHi 

■■■I 

■HBI 

South  1 

BOQ 

UST 

5.8^5 

■H 

•  1 

jjimi 

1500  T 
1500  L 

0.8 

•  1.0 

forth  1 

:C.05 

1000 

1.0 

■ 

1500  L 

(2  vares) 
1800  T 
(1  vaTe) 

O.Sto 

1.0 

O.Sto 

1.0 

B 

13.31 

170 

0.8 

mm 

mSSBm 

B 

i-£ 

13.50 

200 

1.1 

14,40 

330  L 

(after 

22  tec) 
280  T 
(after 

sec) 

1.2 

1.2 

1 

JbH- 

—K _ 

1.^ 

■in— 

KKsBB 

1.3- 
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i 

Ijom  lattgration  of  Aecolorogaph  Bocordt 

AOOolorogr«;ph  rooordi  vill  •Tsnttudlr  bo 
inti^ratod  onoo  and  tvioo  to  obtain  initantanoouo  molar  Tolooitioo  and 
dioplaooBontOt  tho  lattor  idiloh  vill  b«^  tootod  agalnit  dirootlj 
rooerdod  dltplaoomonto  id^ro  ouch  aro  arailablo*  flaoh  information  ii 
not  at  prooont  aTallablo* 


B»2»3*3  i,  Loag^yoriod  Idoplaoomont  Motor 

A  Xon^-porlod  dliplaoonont  motor  (To  10  ooo) 
vao  inotallod  at  Station  Vorth  A  for  tho  porpooo  of  (a)  ohookin^ 
intormodiato  poriod  motors  haring  about  tho  samo  ma^nifioation;  and 
(b)  for  totting  tho  prooonoo  of  long-period  varoo  to  which  tho  intor- 
Bodiato  poriod  inotrumonto  aro  rtlfAirol/  inoonoitiTo*  Boeoltoi 
(a)  tho  two  typoo  of  inotrumonto  produood  idontioal  rooordo  aind  (b) 
no  poriodo  longer  than  ooo  or  tvo  oooondo  wore  OTidont. 


B»2«3*^  Amplitude  Tariation  Aoeordiaa  to  Souroo  Bnorc 

BUSTBS  Qporatloni 

Sinoo  tho  rooordo  from  tooto  Baker,  Oharlio 
and  Dog  aro  almost  ozaet  roplloaa,  and  oinoo  Station#  B,  ^2  and  1^2 
wore  equipped  with  diroot-rooordi^  diqplaoomant-typo  ooiamographo, 
rooordo  from  those  otationa  vlll  bo  uood  in  diroot  ai^litud^onorgy 
rolationahipi  botvoon  Baker,  Oharlio  and  Dog*  Table  B«3  lists  tho 
ai4>litudoo  of  oortain  oolootod  varoo  vnioh  retained  the  same  form  from 
toot  to  tost.  Aq>lituAo  rolationabipo  botvoon  Baker,  Oharlio  and  Bog 
did  not  doTiato  Tory  far  from  the  ratio  li2*T3i3«2*  Hsing  tho  maxlBam 
varo  alone,  tho  ratio  is  Ii2.8t3»13«  dt  Station  B  a  ooivarioon  vlll  bo 
made  of  preliminary  varos  from  toots  Bog  and  Xaoy,  oinoo  those  aro  tho 
only  varoo  ^ioh  rotainod  their  fora  from  toot  to  toot.  A  voighted 
arorago  of  oororal  varoo  vhioh  vert  carried  throuih  both  tooto  is 
roopootiroly  Z3jJ.  and  39^  • 

Alloving  for  tho  louoor  diotanoo  to  tho  laoy 
soro,  12.6  be  as  oo^parod  with  13.3  ^  to  tho  Bog  ooro,  oo^paratiro 
aJ^lltadoo  would  probably  bo  more  noarly  23 t  37/*  I  and  tho  oompara^ 
tiro  aiplitudoo  rooolting  from  tho  roopootiro  BU8T1S  dr^o  would  bo 
Is2.73i3.2i^.7«  Tioldo  oubaittod  by  tho  Atomic  Bnorgy  Oommiooion  hare 
tho  ratio  li3«^l6i6.83i9»S3*  exponential  ooaling  lav  botvoon 
energy  yields  and  oorroopondlng  amplitudoo  io  3<3  botvoon  Baker, 

Oharlio  and  Bog  and  3l2  botvoon  Bog  and  laoy.  Thooo  moaouromonto  voro 
based  on  rooordo  from  inotrumonto  vhioh  har^  high  fidelity  in  moaouring 
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TiBLE  B«3 

Amplitude  Neasureneate  for  Toett  Bakar,  Charlie  ar.d  Bog 


Vaye  Baseription 

Period 

(Sec) 

Trace  Bouhle  ijiplltude 
(MM) 

Batlos  • 

.  B-1 

B 

0 

B 

0 

B 

STITIOB  B 

P  Group  L 

1.5 

1.5 

3.7 

4.6 

1 

2.5 

3.0 

ST  Group  f 

•1 

10 

3.S 

4.8 

1 

2.9 

3.7 

?2  Group  L 

#1 

3.0 

8.1+ 

9.4 

1 

2.7 

3.1 

8  or  S2  Group  T 

1.1 

2.7 

7.2 

8.7 

1 

2.7 

3.2 

B  Group  L 

1 

7.0 

20.8 

26.0 

1 

3.0 

3.7 

13  Seo  Group  L 

1.3 

10.5 

28*3 

33 

1 

2.7 

3.1 

19  See  Group  9 

10 

27 

1 

2.7 

2.7 

20  Sec  Group  L 

16 

41* 

50 

1 

2.7+  3.1 

Bel  tale  Snergjr  1 

8 

10 

STATION  fr.2 

P  Group  T 

0.2 

.3 

.9 

1.1 

1 

3 

3.7 

P  Group  L 

1.7 

1.0 

2.8 

3.5 

1 

2.8 

3.5 

8  Tlrat  Kotlou  T 

0.8 

2.4 

3.0 

1 

3 

3.8 

13  See  Group  L 

1.2 

13.0 

15.6 

1 

2*8 

3.3 

21  Seo  Group  I 

1.1 

12.6 

33 

38.*) 

1 

2.6 

3.1 

26  Seo  Ihx  Group  9 

19 

48.8 

38.8 

1 

2.6 

3.1 

26  Seo  Max  Group  L 

9.5 

24.5 

31.5 

1 

2.6 

3.3 

Selenlo  Znergjr  1 

7 

10 

STATION  N>2 

P  Grou^  li 

2.0 

1.1 

1.3 

5*? 

13  Seo  Group  T 

2.0 

5.2 

3.4 

2C^  Sec  Group  7 

1.3 

6.7 

8.1 

3.4 

20  Sec  Group  T 

2.6* 

7.3 

8.7 

1 

2.8 

3.3 

21  Sec  Group  L 

1.4 

3.2 

3.6 

3.1 

Selenle  Snergjr  l 

8 

10 

*  Only  vave  reeognisahle 


Fig.  B2  -  Recorded  Seismic  Amplitudes  v$.  Bomb  Yield 
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ground  anplltudee  of  the  waves  In  the  frequency  range  generated  by 
theee  eiploelone. 

Several  vavee  which  were  carried  through  from 
teet  to  test  on  the  I^S  coiq^onent  at  Pierce  Ferry  and  the  coi^onent 
at  Boulder  Pity  were  measured  and  their  relative  wel^ted  acplltudee 
were  confuted.  They  are  l:2*7O*0:U«l  at  Pierce  Ferry  and  lt2*S:3*2: 

at  Boulder  City*  The  latter  more  nearly  corre^ond  to  resulte  :rom 
the  close-in  statlone* 


JAKGLE  Operatlone 

Since  there  le  no  wave^'to-wave  correi^ondence 
between  the  BUSTEB/JANGZX  operations,  an  £q>pllcatlon  of  an  exponential 
scaling  law  between  energy  yield  and  ground  amplitude  at  any  one  of  the 
close-in  etatlons  would  be  unsound*  The  only  sound  conparlson  avail¬ 
able  le  the  asplltude  relationships  between  the  Sorfaoe  and  Underground 
teete*  Station  B  le  equidistant  from  both  teete  (10*0  Im)  and  nearly 
the  same  mazlmom  ground  amplitude  of  about  50/4  was  obtained  from 
both  tests* 


At  Pierce  Ferry,  the  picture  le  different* 

On  the  B-S  conponent  the  wave-to-wave  asplltude  relationship  between  the 
Underground  and  Surface  shots,  where  It  exists,  is  more  nearly  2*5  to 
1*  Between  the  Underground  and  Surface  shots  there  le  no  wave-to-wave 
amplitude  relationship,  but  the  envelope  amplitude  relationship  between 
the  Underground  shot  and  Baher  le  5  to  3  the  S  group  and  5  to  4  In 
the  P  group  which  Indicates  that  shearing  action  le  more  dominant  In 
the  underground  experiment*  Similar  reeolU  are  ^^btalned  from  a 
conperleon  of  Boulder  City  1(-S  records* 


B*2*4  gnergy  Distribution 


B*2*4*1  Energy  which  enters  the  ground  ae  seismic 
wavee  may  falily  accurately  evaluated  uelng  data  from  close-in 
stations;  an^.  i*  '’■s  accoxntely  from  stations  at  eome  distance*  Energy 
density  of  a  seismic  wavee  crossing  unit  area  under  the 

station  le  given  by 

Ee=  (B.l) 


where^z 


Tl 


density  of  the  underlying  rock, 

Vl  le  the  length  of  an  Individual  wave  of  a  train. 
Is  Its  zero  to  peak  Ejiplltude,  and 
is  Its  period. 
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Th9  su'btcrlpt  i  dtslgnates  th«  station  In  general.  Tor  a  particular 
etatlon,  the  station  initials  will  he  used  as  a  suhscript. 

Total  energy  entering  the  ground  from  the 

source  is  giren  h/ 


(B.Z) 

where  Ag  is  the  area  of  the  wave  front  in  the  form  as  it  leares  the 
source  extended  to  the  distance  r  from  source  to  8tatlon« 
and  ^  is  a  factor  containiog  the  anount  of  scatter  of  the  ware 
front,  and  loee  "by  absorption  and  refraction. 

Usually  the  factor  CU  contributes  most  to  inaccuracies  in  eraluating 
seisffllc  energy  at  the  source. 


£.2.4.2  Seismic  l^rgy  at  the  Source  from  the 

Under  ground"Ret 

Data  from  Tor th  St  X  fairly  hl^  degree  of 
accuracy  is  possible  by  using  data  from  this  station  because  a  heDi~ 
spherical  ware  front  from  source  to  station  can  be  assumed  and  ground 
asplitudee  may  be  measured  directly. 

from  the  longitudinal  coaponent  displace¬ 
ment  meter  record,  Xs0«9  cm  of  one  wave  and  0.4  cm  of  a  second  wave 
after  idiich  the  trace  die#  out.  Aesume  energy  ie  divided  equally 
asttng  the  three  coapcnentg,  that  average  wave  velocity  in  the  surface 
material  is  one  ku/sec  and  average  density  is  two,  then 

If  r  =  .32  km, 

A*«2Trr2=  10^*®  eq,  cm;  (B,4) 

and  if  ^gle  the  abeorption  factor  in  the  eurface  alluvium, 

1  =  VV>.  =  (B.5) 

Bmts  from  Torth  Xi  On  the  longitudinal 
dlsplacesvBUt  record  at  Tor  th  X,Y  x2/r  ^  it  x  10^  and  using  same 
reasoning  as  aboTs 

■a  2TT2pxrlA2/T  =  10^*^  (£.6) 
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and  If  r  £  1  km 


1  =  (B.7) 

ooi^arlnc  vith  ih«  abovs  aquation 

10°*3*'  (S.8) 

*^«ra  r  It  In  kllomattri.  &ifl  mtant  that  absorption  of  a  0.4-sto 
ptrlod  vavt  In  th«  valley  alluvium  is  by  a  factor  of  tvo  for  each  kilo-- 
meter  of  increase  with  dletance,  and  eeismlc  snergy  at  the  source  It 

I  =  lO^T***  crgi.  (B.9) 

Data  from  Station  Bt  Jit  Station  4^  waves 
having  a  period  of  0*63  eec  are  believed  to  belong  to  the  direct  X' 
group  through  the  valley  alluvium  traveling  at  an  average  speed  of 
about  1*8  km/seCA  The  average  amplitude  of  theee  wavee  ie  25/ 

^At/T  =  4  z  lO**^.  Assuming  that  theee  wavee  repreeent  a  third  of  the 
energy  on  each  cosponent  or  a  ninth  of  the  total  at  the  etation 

Jlgj  S.STT^PvZa^/T  =  2600  (B.IO) 

Assuming  that  most  of  the  seismic  energy  ie  trapped  in  the  valley 
alluvium  ^ch  hae  an  average  thickness  h  O.J  km  and  since  r  10  km 

Jt=  ergs.  (B.ll) 

If  J  =  10^7«^  erge,  which  is  to  say  that  absorption  of  a 

0.6  see  P  wave  in  the  valley  alluvium  ie  by  a  factor  of  almoet  two  for 
each  kilometer  of  increase  with  dietance. 

Bata  from  Hoover  Hoover  Bam  is  equipped 

with  an  XV  component  direct  recording  Wood- Ander eon  seienogrq>h.  The 
record  of  the  Underground  shot  ie  very  small  but  measurable.  Prevalent 
periods  are  0.4  and  1.0  sec  and  trace  as^litudee  are  about  0.2  mm. 
Magnification  of  a  on^second  period  wave  is  about  73^*  Xvaluating 
energy  contained  in  the  one^eecond  period  alone,  at  the  etation  using 
ps3  and  average  IT  >3  km/sec 

Ih,  Zi-zn^p\fl  Jfi/t  =  1.5  erg/si.ca. 

(B.12) 

Th9  summation  is  over  40  wavee  having  a  one>second  period,  in  earlier 
determination  of  energy  absorption  of^^one-eeoond  wave  in  the  earth’e 
orustal  layers  wae  by  a  factor  of  10*  The  dietance  r  of  Hoover 

1km  ie  about  I70  km.  Assuming  that  about  half  of  the  energy  that  gete 
into  the  so-called  crustal  layers  from  the  alluvial  valley  ie  trapped 
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th»T9f  and  that  the  thldcnees  of  these  layers  is  30  1cm,  ths  total 
energy  contained  in  one-second  periods  that  escapes  from  the  valley  is 

>,I3=  2*2rrrh  Bh»10°*7=  10^5.7  ,rgt.  (B.I3) 

Bata  from  Pierce  Terry;  She  Pierce  Perry 
Benloff  short  period  S-S  is  used  In  this  study  because  Its  esttlng  has 
remained  unchanged  through  the  more  recsnt  A-bomb  teste*  The  8-1  blow 
up  magnlfloatlon  of  a  O.^^seo  and  a  oni^second  ware  is  about  40,000* 
Tventy-flve  waves  in  the  S  group  have  a  0*4-8ec  period  and  contain 
about  half  of  the  energy  on  the  trace*  The  average  trace  asplltude 
squared  Is  1*23  cir  and 


Z  a2/t  =  5.10"3 


(B.ll<) 


If  p  =  3  and  T  =  3  W®*® 

Ip=  6*2Tr2p\rX  a2/T  =  5  srgs/cm^  (B.I5) 

The  distance  to  Pierce  Perry  Is  216  Icn,  the  estimated  absorption  is 
10°*9  and 

2-2nrli  Bp»10°'3=  ergs  (B.16) 

which  le  au  estimate  of  energy  contained  in  waves  having  periods  of 
0*4  seo  which  reaches  the  basement  beneath  the  zero  area.  Ooo^arlng 
this  with  the  Initial  selsmiti  energy  at  the  source  of  l(P-7»4  ergs, 
we  have  a  factor  of 

^(516.5-17.**  s  io-*9=  0.12.  (B.17) 

This  is  the  estlms'ted  ratio  of  energy  >dilch  escapes  from  the  valley* 

faero-  loss  to  Station  9-2i  Ground  motion 
at  1^2  resulting  from  the  tfnd er^ound  t  is  relatively  very  small* 

A  gepphyelcal  survey  of  the  area  reveals  a  burled  ridge  a  few 
thousand  feet  north  of  Horth  Zero  covered  by  about  6OO  feet  of  eedl- 
aent*  This  ridge  and  perhaps  ths  iitructuro  north  of  the  basin 
prssunably  trap  a  rslailvsly  lai'ge  amount  of  snergy  idilch  would  othar- 
wlss  rsach  a  station  north  of  ths  area* 


B*2*4*3  Seismic  Bnsi*o  at  the  Sourcs  from  Ts st  Xaey 

Ifata  from  Horth  A  and  South  Ai  Strong  sur- 
froa  the  BUSTZE'tssts  ware  racordsd  iv';  sach  of  thsss 
It  will  bs  assumed  that  tliey  traveled  as  a  ground  roll  in 
alluvium  at  u  spetd  of  0*6  to  0*73  km/tec,  and  that  the 


face  waves 
stations* 
the  valley 
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thlckneee  of  the  alluvium  along  the  paths  of  travel  le  0,4  km.  At  each 
etatioa]^  A^/l  =  4  x  10“2  ^^ut  the  wave  speed  to  North  A  le  slightly 
hi^er.  Evaluating:  ^Sa  =  7  ^  assuming  that 

about  half  of  the  energy  is  In  the  large  surface  wavee*  Evaluating 
seismic  energy  at  the  eourca,  where  the  respective  dietancee  are  9  km 
and  6  km 


I  =  I  X  (B.lg) 

The  ^'s  take  care  of  absorption,  but  evidently  it  ie  less  to  North  A 
than  to  South  A  • 


Ifata  from  Pierce  Terryi  Evaluating  the 
energy  in  one-second  period  waves  of  the  5  group,  a  summation  of  18 
waves  which  contain  about  half  of  the  energy  on  the  N°S  record,  gives 
the  value  of  2  A^/l  n  12  x  10“®  and  the  energy  delivered  to  the  rock 
beneath  the  base  cf  the  alluvium  near  the  source  ie  evaluated  at 
®1,0  “  10‘^7*O  erge.  Similar  data  from  Hoover  Cam  give  practically 
the  same  results.  Total  energy  yielding  this  Pfli^  at  the  eour^'e 
probably  ie  about  eig^t  times  thie  amount  or  10^7*7  ergs,  A  0,4-eec 
period  ridee  on  longer  period  waves  at  Pierce  Perry,  An^lltudee  of 
these  wavac  are  difficult  to  meaeure,  but  it  ie  believed  they  ^ntnln 
nearly  as  mch  energy  as  the  longer  wavee  or  very  nearly  10^7*^  ergs 
at  the  base  of  the  alluvium  and  10^7»9  ergs  at  the  source.  The  total 
Eaey  selemlc  energy  ie  therefore  very  nearly  10^®*^  ergs,  or  about 
seven  times  that  of  the  tinder  ground  shot. 


B. 2,4,4  SeisBilc  Energy  from  the  Surface  Test 

Data  from  Pierce  Perry  •  NSi  The  0,4-ie5 

period  le  dominant  in  the  group  cmd  subordinate  in  the  ”8  group.  The 
trace  asplltude  of  waves  having  this  period  is  somewhat  lees  than  a 
third  of  that  of  similar  wavee  from  the  Underground  shot,  indicating 
that  the  surface  test  delivered  less  than  a  tenth  of  the  amount  of 
energy  to  distant  polnte  in  the  form  of  0.4-sec  periode  than  did  the 
underground  test. 


One-second  periods  dominate  the  main  part 
of  the  record.  Using  the  seme  reasoning  ae  heretofore  and  the  basis 
that  seismic  energy  contained  in  one^second  periode  le  ueaeiired  from 
^0  waves  having  a  trace  amplitude  of  mm,  we  have  in  the  basement 
beneath  the  source  =  10^^*^  oz'gB,  ^Ich  is  about  that  delivered 

by  the  underground  te>t. 
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Comparleon  of  BUSTZE/JAKGLB  Seismic  Energy 


Ttom  the  preceding  section  It  vae  shows^that 
the  Surface  shot  delivered  about  10^^* ^  erge  and  Zaey  about  ergs 

to  the  basement  In  the  form  of  ons-secpnd  period  seismic  waves.  Ihe 
Underground  shot  delivered  about  ergs,  Ths  energy  ratio  In  the 

form  of  one-eecond  periods  from  the  JAHQLS  series  In  regard  to  Saey  Is 
on  the  order  of  1:30.  This  Is  about  the  same  selsinlc  energy  ratio  as 
Baker  to  lasy*  It  follows  that  the  ability  of  the  J.iKGLS  series  to 
produce  one-eecond  waves  was  iMarly  of  the  same  order  as  that  of  Baker. 
However,  since  the  total  seismic  ene‘gy  In  Sasy  was  about  seven  times 
that  of  the  Undei'ground  shot,  the  total  seismic  energy  delivered  by 
the  latter  was  nearly  of  the  same  order  as  that  delivered  by  Charlie. 


B.2«5  Seismic  Wave  Velocities 


S.2.5*l  Wave  Speeds  In  the  Source  Area 

The  Initial  wave  front  from  the  JABGLS  zeros 
to  the  one-km  station  had  an  average  speed  of  1.23  km/sec.  This  Is 
largely  In  the  upper  part  of  the  alluvium. 

The  F>wave  group  through  the  alluvium  to  the 
2  station  from  both  JAHOIS  and  2USTHB  zsrob  Is  about  2.0  km/sec. 

Ihe  2-wave  speed  In  the  basement  la  about 
30  km/sec  under  the  valley  and  3*2  km/sec  along  the  east  edge.  The 
arrival  of  a  wave  through  this  medium  to  the  B  station  Is  delayed 
more  than  0.1  sec  oom>ared  with  that  of  the  A  stations  and  8-2.  This 
is  probably  because  of  the  relatively  greater  thickness  of  alluvium 
In  the  center  of  the  valley  under  which  these  waves  must  pass;  and 
partially  to  the  greater  elevation  of  the  B  station^ 

The  B-wave  speed  In  the  sub-basement,  based 
on  the  Indefinite  location  of  Station  5-2  Is  6*3  to  6.8  sec. 


B.2.3*2  Wave  Speeds  la  the  Lake  Head  Area 

Using  U.  S.  Coast  and  Geodetic  Survey 
stations  ^Ich  are  operated  on  a  continuous  basis  In  the  Lake  Mead 
area,  the  T  Q)eed  Is  about  b.2  km/ tec.  The  distance  to  these  stations 
is  from  l60  to  213 


Data  from  the  Lake  Mead  stations  alone 
indicate  a  Q)esd  of  about  8.1  km/sec  In  the  mantle. 


7^ 


B*2*5*3  Layar  Thlckneaeee 


Trayol  time  data  will  be  spiled  to  a  formula 
^1 


where  hj  la  the  thlckaeae  of  a  layer, 

gUiln-l 


^^(Ic  the  apeed  beneath  the  lower  layer  ayaluated, 


and  t^  la  the  time  axle  Intercep;,  the  extended  trayel  tine 

curye  corre^ondln^  to  the  layer  under  equeetlon* 

Trayel  tinv  data  on  t^  eaat  aide  of  the 
yalley  are  repreaonted  by  the  curye  t  = 

idiere  time  la  In  aeconde  and  A  la  dlatance  In  kllonetera; 

'X^^  =1.25  and  Solylng  for  hjS  0.4  kn,  which  la  the 

thlckneaa  of  the  alluvium  along  the  eaat  aide  of  the  yalley* 

Acroea  the  yalley  to  Station  B  we  haye 

t  1  Vx=5*0*  fiolylngi  h.  =  0.7f>  ka,  which  la  the 

thlckneaa  of  the^allurium  aeroea  the  yalley*  ^ 

.  Trayel  tine  In  the  baaement  la  repreaented  by 

t  -  1*2  -f  '^2~  yalley  and  t  -  1*2^ 

beneath  the  valley, 

Solylng  for  h^i  h^ml.^  kx  under  the  yalley 
and  2*3  km  beneath  the  eaat  aide. 

The  eub-'baeement  In  which  the  apeed  la  6,0 
to  6.S  km/eec  la  beneath  the  baaenent.  Combining  the  aboye  data  with 
lake  Kaad  data  alone,  the  top  of  the  mantle  Ilea  at  a  depth  of  30  to 
35  km. 


B.2.6  implication  of  Geometric  Optica  to  Tranafer  of  Bnergr 

The  apeed  of  ccs^reaelonal  wayea  near  the  bottoa  of  the 
alluyluA  In  Tucca  Tlat  la  about  2  km/eec.  If  the  ayerage  apeed  In  the 
baaenent  le  3*2  km/aec  and  6.^  km/eec  In  the  aub-baaement,  and  aaeumlng 
that  energy  trananlealon  follows  the  lawe  of  geometric  optica,  we  haye 
from  Snell *e  law 
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(B.20) 


8ln  01  2 

T2  ”  filn  02  "  ^.2 

and 

_  iln  01  _  2 

"  Tin  ©3  “  63 


i^«re  the  eubscrlpt  1  refere  to 

2  refers  to 

3  refers  to 


the  alluTlal  layer, 
the  basement  and 
the  sut^basement* 


(B.21) 


It  Is  iBcaterlal  If  other  layere  Intervene,  At  critical  Incidence  on 
the  top  of  the  basement,  sin  02^1  and  sin  ©is  2/^«2*  If  the  base 
of  the  alluvluB  Isa  level  surface,  most  of  the  energy  contained  In  « 
the  vertical  cone  which  has  a  half  angle  ©i  at  the  apex,  Wxere  ©^^ssln"*^ 
2/3*2  will  reach  the  basement,  and  the  remrlnder  will  be  trapped  In  the 
alluvium,  Snergy  idilch  reaches  the  sub-basement,  hence  the  out-lying 
selsBogriQph  stations,  will  be  confined  to  the  cone  having  a  half  angle 
at  the  apex  of  ©is  sln"’^  2/6,3*  the  diagram 


oonslder  a  hemlsph^lcal  wave  front  of  radlue  r.  The  area  of  the 
heidaphere  le  2irr^  and  toe  area  of  the  sone  subtended  by  xxr  •  sin  ^ 
Is  2Trrh  where  h  =  r  -Vr^-J?*  If  source  energy  Is  equally  distri¬ 
buted  over  the  hemispherical  front,  and  If  6^^  Is  the  angle  of  critical 
Incidence  at  the  Interface,  all  energy  except  that  distributed  over 
the  sone  with  height  h  Is  trapped  above  the  Interface,  Vo  can  use 
any  unit  for  x  and  r.  Suppose  we  uee  the  respective  wave  speeds  In 
the  strata  under  consideration.  How  for  uniform  energy  distribution 

Inergy  at  the  eource  ^  Area  head,  sphere^  r  (B,22) 
Xnergy  t.o  the  sub-stratum**  Area  sone  h 

fills  neglects  loss  by  absorption  and  reflection. 

If  the  basement  speed  le  5.2  and  v^  =  2  h»  5, 2-)/^ 2^  -  4  ,4  and 

r/h  =13, 

If  the  suh-baeement  epeed  Is  6,5*  h  =  6,3~/6*5^  -  4  =  ,32  and  r/h  =  20, 
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If  the  lawB  of  geometric  optics  are  Btrlctly  ^pllcable  and  If  the 
Interfaces  are  flat  extrfaceB,  it  follovrS  that  mors  than  90  per  cent  of 
the  initial  seismic  energy  was  trapped  in  the  surface  alluriuja,  and 
only  about  five  por  cant  penetrated  the  sub-basement,  ipplying  rough 
ray  tracing  methods  to  data  from  the  Lake  Mead  stations  it  vas  esti¬ 
mated  that  about  12  per  cent  of  the  initial  seismic  energy  from  the 
underground  explosion  had  entered  the  sub-basement.  This  is  a  fair 
check  of  the  accuracy  of  the  methods  used.  In  one  case  estimated 
energy  reaching  a  distant  station  vas  traced  to  a  region  in  the  sub- 
basemant  beneath  the  zero  area,  and  in  the  other  case,  source  energy 
was  traced  to  the  same  region. 


2.3.0  CQgCLUSIOyS 


The  following  conclusions  are  derived  from  strong  motion 
studies  of  the  2USTXH/JAR0U  series  of  explosions  in  Yucca  Valley, 
Kevada  and  from  data  from  seismograph  stations  in  the  lake  Mead  area. 

(a)  dominant  seismic  waves  from  an  jb-bomb  ej^losion  are 
fairly  siiqple  in  form  about  1000  feet  from  the  source.  They  are  oom* 
plex  in  form  from  several,  thousand  feet  to  several  miles  from  the 
source  probably  because  of  multiple  reflections  within  the  surface 
strata.  Qxey  are  less  coflg;)lex  a  hundred  miles  or  more  from  the 
source. 


(b)  .Periods  of  these  waves  range  from  O.O7  to  2.0  sec  but 

periods  of  0.23  .60  sec  and  0»9  to  1.3  see  prevail  in  the  source 

area.  A  2.0-sec  period  conpresslonal  wave  le  also  evident  near  the 
source  area,  from  a  casual  inspection  of  the  records,  periods  of 
O.U  sec  and  1.0  sec  are  the  most  dominant  I30  km  to  2l6  km  from  the 
source.  However,  a  more  detailed  analysis  of  a  record  from  Pierce 
Perry  (Underground  shot  distance  216  km)  Indicates  three  wave  groups 
having  periods  of  0,3,  0*9  and  1.3  sec.  !Ihe  shorter  period  waves 
are  produced  in  relatively  greater  abundance  by  the  surface  and 
underground  e^losioiis. 

(c)  !Ihe  period  apparently  Id  independent  of  source  energy. 

(d)  Wave  forms  may  be  reprod\iced  by  using  the  same  ground 
zero,  but  a  shift  of  ground  zero  by  as  little  as  one  km  will 
materially  change  the  wave  form  pattern,  especially  of  surface  waves. 

(e)  Ground  ss^litudes  vary  as  the  3/^  power  of  energy  yields 
in  high  air  bursts. 

(f)  Shearing  action  was  stronger  from  the  underground  e^lo- 
elon  than  from  either  the  surface  or  air  burste. 


77 


,(g)  SelBfflio  energy  fron  the  undergroiuid  explosion  was  evaluated 
at  10^7*^  and  the  estimated  selsiDlc  energy  from  the  Zast  hxiret 

was  10^8*2  ergs. 

(h)  Zearl^  3^  selscLc  energy  from  the  under¬ 

ground  explosion  vaB  trapped  in  the  allurial  fill  of  the  valley,  and 
energy  absorption  in  that  fill  was  very  hl^« 

(i)  Sy  a  cos^arison  of  seismle  energiee  resulting  from  the 
surface  and  the  underground  explosions  it  Is  found  thatt 

(1)  The  tvo  shots  yielded  about  the  same  amount  of 
energy  to  the  valley  alluvium,  but 

(2)  The  undergroxmd  explcsion  sent  several  times  more 
energy  to  distant  stations  than  did  the  si'rfaoe  shot*  This  is 
probably  because  ground  e)"2k  wav«  from  the  underground  test  penetrated 
deeper  into  the  higher  speed  le.yor6  of  the  alluvium* 

(j)  The  estimated  thickneMses  of  etrata  beneath  the  test  area 
are 

(1)  0*4  to  0*7  km  of  valley  alluvium  associated  vrlth 
speeds  1*2  to  2  km/eec, 

(2)  2  ki3  of  basement  rock  ecsocisted  with  speeds  of 

5+km/soC; 

(3)  30  km  of  sub-basement  rock  associated  with  speede  of 
6*0  to  6*8  km/sec* 
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FREVIOOS  PAGE  WAS  BLANK  THSKETGPS  WAS  NOT  7I1MED 


o.i.o  imoixjOTioir 


0«1«1  Purpoie 

She  ptirpoee  of  thie  report  ie  to  furnith  Inforination 
ooneernlog  the  work  perforsed  tinder  thie  contract  during  the  period  of 
field  operatione  oosBencing  in  Augnet  1351 »  ^^d  terminating  3O  fibremher 
1351*  She  letter  of  aathorieation  to  commence  vork  on  the  contract, 
dated  24  iagaet  1351»  ipecified  that  a  r^ort  of  foreeaet  reeulte  ihould 
he  delivered  on  or  before  13  September  1331*  It  vae  eonten^lated  that 
thie  report  would  Include  a  sketch  of  each  station  legrout  and  of  the 
equipment  installed  in  each.  Inasmuch  ae  the  work  of  selecting  the 
station  sites  and  installing  the  equipment  was  not  con^leted  on  that 
date  the  information  for  the  preparation  of  e.  foreeaet  report  was  not 
aTailable.  this  information  has  aceordingl^y  been  inoorporated  in  the 
present  report  of  preliminary  results* 


0.1.2 


file  Statement  of  Work  ie  annexed  to  Contract  1J33  (600)- 
537s  as  Ixhibit  and  reads  as  follows: 


Iquip,  establish,  staff  and  m^ply  seismic 
research  stations  at  the  sites  eeleeted  by  other  means  in 
the  Tioinity  of  Tt*  Sill,  Oklahoma,  and  Bobbins  Air  foroe 
Base,  Georgia. 

*2«  Behabilitate  OBXIBHOUSB  (Unclassified)  sta¬ 
tions  located  near  Souglas  and  Ineaapment,  Wyoming, 
incorporating  changee  indicated  ae  desirable  by  GSZXHHOUSI 
operations  and  changes  necessary  for  year  around  operations. 


Operate  the  stations  referred  to  in  1  and  2 
above  during  the  period  of  Operatione  JA50IS  and  BUSTBB. 
Xstimated  dates  of  these  operations  are  from  1  October  133I 
through  30  Bovember  133I> 

*4.  Analyze  the  records  obtained  from  the  operatione 
in  3  ed)Ove,  together  with  eopiee  of  reeorde  to  be  furnished 
by  Headquarters  (APOAT-l)  from  coordinated  projects. 


”3*  Submit  a  report  which  will  Include: 

*a«  Aesulte  of  the  nnalyses  in  4  above. 
*b.  d  sketch  of  each  station  layout 


"Cv  i.  description  of  the  station  operation 
and  equipment. 

*d.  An  eTaluation  of  the  results  of  the 
operation  in  the  light  of  the  A70AT-1 
mission. 

*e.  Oonolusions  drawn  from  this  operation. 

"6.  ft’OTide  for  ths  transfer  of  selected  eqo.lpDent 
from  earlier  Beers  and  Eeroy  and/or  Geotechnical  Oorporation 
contracts  and  for  the  shipment  of  said  equipment  to  field 
locations  designated  by  the  oontractor. 

•7.  Eeports. 

*a.  IToreoast. 

*b.  Preliminary. 

■c.  Pinal." 

This  preliminary  report  describes  the  work  performed  on 
the  equipment  and  in  the  rehabilitation  of  statione  specified  in  Items 
1  and  2;  the  operations  carried  on  pursuant  to  Item  3;  and  the  prelim¬ 
inary  results  of  the  analysis  of  records  directed  by  Item  4.  It  relates 
to  the  Installation  of  two  additional  stations  at  7t.  Sill,  Oklahoma, 
(Area  ll)  end  Tort  McClellan,  Alabama,  (Area  12);  the  rehabilitation  of 
stations  near  XncaBq}aent,  V^omlng  (Area  5)»  ejvl  Douglas,  Ityoming  (Area 
6);  the  operation  of  these  stations  during  the  JAHCUB  and  BUSTIB  tests; 
end  a  preliminary  report  on  the  selsmio  results  obtained. 


C.2.0  LOOATIOy  AKD  DftUIPMBHT  OT  SIATIOB8 


0.2.1  Installation  of  Station  at  Tort  Sill.  Oklahoma 

Tort  Sill  Military  BeserTation  is  situated  immediately 
north  of  the  city  of  lawton,  Comanche  County,  Oklahoma.  Tort  Sill  is 
the  location  of  the  Artillery  School  of  the  United  States  Army.  Ihe 
Beserration  is  about  20  mllss  in  extent  from  east  to  west  and  about 
ei^t  miles  from  north  to  south.  Ite  western  part  lies  in  the  Michita 
Mountains.  She  elsration  ranges  from  1100  to  2207  feet,  the  higheet 
point  being  Mount  Sierman.  U.  S.  Hi^wey  277  the  (S^icago,  Bock 
Island  and  Pacific  Bailroad  extend  north  and  south  throu^  the  Baserra- 
tion,  diridlng  it  into  two  areas,  the  last  Bange  and  the  Vest  Bange. 

Ihe  rocks  of  the  Xaet  Bange  are  of  sedimentary  origin. 
In  the  Vset  Bange  both  sedimentary  and  igneous  rocks  are  present,  the 
latter  being  Pre-Cambrian  granite  and  forming  the  core  of  the  Vichita 
Mountains.  Sie  grao.ite  ie  generally  well  es^osed  and  not  deeply 
weathered. 
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▲  prellffliaary  surrey  vas  madf  In  tho  arsa  under  author¬ 
ity  of  Oo&tract  XF}}  (03S)-17730,  Amendaent  X,  from  Au^.uat  9  to  Au^st 
30,  for  the  purpose  of  detersinin^  the  lerol  of  mlcroselsmlc  noise  and 
the  azimuth  for  the  linear  array*  !Qi6  Ic^lorioatlon  obtained  indicated  a 
very  low  level  of  fflicroseisiDic  noise*  Tie  records  obtained  in  this 
survey  were  sent  to  Mr*  Carl  Sonney*  Chief  Seismologist  for  the  Contrac¬ 
tor,  for  analysis  at  the  'rroy  Office  r/nd  he  recommended  that  the  array 
be  construoted  with  an  azimuth  of  S*  32^  Vest  and  with  an  Interstation 
separation  of  21^0  feet* 

Preliminary  dlscudsions  bad  been  held  between  Mr*  Sen 
B*  Howard,  Chief  of  field  Operations  for  the  Oontraotor,  and  Colonel 
McConnell,  the  liaison  officer  at  the  Army  poet,  concerning  locations 
for  the  array  suitable  from  a  logistic  standpoint*  The  Reservation  is 
a  very  active  training  area  bjiA  artillery  practice  is  carried  on  daily 
in  some  parts  of  the  area*  Seismic  noise  is  created  by  the  rc-coll  of 
guns,  the  passing  of  the  shells  through  tbc  air,  and  their  explosion* 

An  area  In  the  extreme  northwest  part  of  the  Reservation  was  selected 
for  the  location  of  the  Murray,  as  this  area  is  one  of  good  granite  out¬ 
crops*  It  is  near  Oklahoma  Highway  49,  vdilch  croc  see  the  northwest 
corner  of  the  Reservation  and  the  nearest  station  site  is  a  few 
hxmdred  feet  from  a  gate  in  the  boundary  foiice*  R2A  electrical 
power  line  and  a  telephone  line  run  along  the  higl.way*  A  sketch  map 
(figure  C*l)  shows  the  location  of  the  stations*  for  convenience  of 
reference  and  for  security  reaeons  this  area  is  ccmmonly  referred  to 
ae  Area  11* 


The  46th  Xngineer  Construction  Battalion  is  stationed 
on  the  Reservation  and  .arrangements  vere  made  with  Lt*  Col*  V*  P* 

Leber,  Oommanding  Officer,  for  the  Battalion  to  co.istruct  the  instru¬ 
ment  shelters  at  the  four  pier  locations,  with  matorials  furnished  by 
Beers  and  Heroy*  Contract  for  the  central  recordlig  building  was  let 
to  V*  A*  Kite,  Oklahoma  City,  (Sclahoma*  Work  on  the  building  coamenoei 
September  4  and  was  coipleted  Septeiober  I9*  Rlectr.lcal  wiring  was 
coi^leted  and  power  turned  on  Septes&er  27*  Engineer  Battalion 

commenced  work  on  September  6  and  coa^leted  Septemba?  30*  The  sheltfire 
were  very  well  constructed  of  durable  materials  and  sll  piers  are  on 
firm  bedrock*  In  addition,  the  Engineer  Battalion  cl>)ared  with  a  bvill- 
dozer  a  etrlp  about  10  feet  wide,  removing  brush  and  ether  vegetation 
for  the  location  of  the  oables,  ae  a  precaution  again»v  graee  firoi* 
Installation  of  instruments  was  collated  October  12  auvl  test  records 
were  made  12  -  I6  October  when  all  instruments  were  working  properly* 


0*2*2  Description  of  Equipment  at  fort  Sill 

She  lnetr\iment  vaults  are  buildings  10  feet  10  feet 
by  6  feet  8  inches  high  with  an  entrance  vestibule  3  Feet  6  ii^chos  by 
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5  feet*  Ihe  inctnusent  piert)  extend  to  'bedrock  and  are  4  feet  by 
4  feet  and  riee  6  incb.ee  above  floor  level*  The  fbore  are  concrete; 
the  walls  are  of  concrete  block  S  inchee  thick'  and  the  roof  of  wood- 
frame  construction  with  mineral-surface  roofing'* 

The  central  recording  building  As  17  feet  4  inchee  b7 
17  feet  4  inches,  cement  block  construction,  with  frame  roof*  The 
building  is  divided  into  two  daik  rooms  and  on*.  larger  work:  room*  One 
of  the  dark  rooms  has  a  concrete  pier  tie  a  base  for  the  recording 
instruments*  Cie  windows  in  the  workroom  v'ere  painted  as  a  securit7 
a>9aeure* 


^e  operating  instruvente  at  each  pier  conelsted  of 
one  Senioff  vertical  seismometer;  in  adciticn,  at  Station  1,  were  two 
Benioff  horizontal  seismometere,  one  installed  5-3  aid  one  K^W*  At 
the  central  recording  elation  were  thxee  Benioff  reocrders*  She 
following  tracee  were  recorded!  (l)  Ono  conventional  traoe,  horiion- 
tal  5*6*;  (2)  one  conventional  trace,  horit:ontal,  S«V*;  (3)  one 

oonventional  vertical  trace;  (4)  one  earth-powered  summatlo.i  trace 
from  four  vertical  seiemometers;  (3)  cno  high-gain  trace,  h(>rliontal 
V*S*;  (6)  one  high-gain  trace,  horizontal  X*V*;  and  (7)  ore  hi^- 

galn  vertical  trace* 


0*2*3  Inetallatlon  of  Station  M  Xort  He 01 el Ian.  Alabama 

Zt  was  origlnall7  contes¥>leted  that,  if  local  conditions 
proved  suitable,  this  station  would  be  inotelled  at  Bobbins  Air  fores 
Baee.  near  Harletta,  Georgia*  Under  v<he  aathorlt7  of  Contract  iI33 
(03Sj-17730*  Sapplement  2,  examination  of  the  area  was  md&  b7  Mr*  Ben 
B*  Howard  on  23  and  24  Ao^st,  who  found  that  the  baee  was  e9prutimatel7 
3t73  Bilse  NV-SK  b7  1*73  BX^SV*  The  baee  lies  between  a  heavllT- 

traveled  four-lane  hl^wa7*  U*S*  4lX,  on  the  northeaet  and  a  two-lane 
highwa7,  U*S*  4lV,  and  the  main  line  of  tho  Hiiehvtlle,  Chattanooga  and 
St*  Louie  Bailroad  on  the  eouthwest*  Ibe  ares,  ie  underlain  b7  fre- 
Oambrian  biotlte  echlst*  which  is  generall7^qu1te  deepl7  weathered,  and 
several  feet  of  excavation  would  be  neceeMir7  to  reach  unweathered 
sound  material*  A  noiee  surve7  in  the  area,  2-4  Septekber,  showed 
uneatlefactor7  noise  conditione*  It  wae  decided,  after  conference  with 
Mr*  J*  A*  Crocker,  to  explore  the  possibilitiee  of  fort  McClellan,  near 
Annieton,  Alabama* 

Scouting  of  that  vea  began  on  6  September*  In  the 
abeence  of  Brigadier-General  T.  f*  Veesele,  Lt*  Col*  Soogglne  made 
arrangements  for  access  to  the  poet  and  Major  Leo  Berteh,  Poet  kiglneer, 
provided  ailltar7  transportation* 
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?ort  MsOlsllan  Military  fiaservation  is  situated 
iBBsdlately  northeast  of  the  city  of  Anniston,  Alabama*  Cie  post  has 
reoently  been  rsaetirated  and  is  occupied  by  a  detachment  of  troops  of 
the  Ooxps  of  Xngineers,  U*S*  Army*  She  Beserration  is  e^proximately 
six  milee  by  eeren  miles  5-S*  She  topography  ie  hilly  and  rou^, 
elerations  ranging  from  7OO  feet  to  2000  feet*  She  southern  part  of 
the  fieserration  oonsists  of  hills  and  ridges  underlain  by  Veisner 
(Cambrian)  quartzite,  a  thick  series  of  ^tiartzitic  sands,  sandy  shale, 
and  hard  quartzite*  These  sediments  overlie  metamorphosed  Are-Oambrian 
rocks*  Overthrust  faulting  is  present  in  the  area*  She  area  vas 
considered  geologically  acceptable* 

Oommenoing  on  10  Septeniber,  an  array  vas  laid  out  by 
Ik*  V*  X*  Beroy,  Jr*,  in  the  southeast  part  of  the  reservation  and 
tests  began  on  IS  September*  Beoorde  vere  mads  and  examined  by  Mr* 

0*  X*  Somney,  \ho  recommended  an  array  with  an  azimuth  and  a  spac¬ 
ing  of  2200  feet  between  stations*  A  sketch  map  (Xigure  0*2)  shows  the 
locations  of  the  station,  idiich  is  identified  as  Area  12* 

Keanidiile,  negotiations  vere  in  progrses  with  local 
contractors  for  the  construction  of  instrument  shelters  and  Central 
Becording  building*  A  contract  vas  awarded  to  T*  B*  Pearce  and  OoB|)any 
on  20  September  and  the  Contracting  Officer *s  ipproval  vas  received  cn 
2  October*  Construction  in  the  field  by  Pearce  and  Ooi^any  commenced 
on  11  October  and  piers  vere  cos^leted  12  October*  Tents  were  erected 
and  instruments  installed  to  become  operational  October*  Buildings 
vere  not  erected  until  the  first  part  of  Bovember  ae  work  on  them  would 
have  oonflioted  with  recording* 


0*2*4  Description  of  Bcuiyiient  at  Port  McClellan 

The  buildings  erected  at  Port  McClellan  are  all  of  wood 
oonetruotion,  the  outside  surfaces  being  chemically  treated  against 
weathering*  Three  of  the  instrument  units  (A,  B  and  O)  are  10  feet  by 
10  feet,  with  concrete  floors  and  piers  4  feet  by  4  feet,  and  have  a 
vestibule;  one  (D)  ie  6  feet  x  6  feet,  without  vestib\U.e,  end  with  a 
pier  2  feet  by  2  feet*  The  central  recording  building  is  16  feet  by 
16  feet  and  has  no  concrete  pier*  Cables  vere  laid  along  the  berm  of 
the  adjacent  highway* 

The  setup  of  operating  inetruments  and  traces  recorded 
was  the  same  as  that  at  Port  Sill* 
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0«2«3  Rehabilitation  of  Station  near  IncacgBent.  ICromlag 


The  station  near  SneaB^ment,  Wyoailo^,  Identified  as 
Area  5*  was  constructed  under  the  authority^  of  Oontract  AJ33  (038)** 

17730  on  the  basis  of  site  eurveys  made  under  Contract  iJI33  (038)** 

17o23«  £ie  final  report  on  Contract  17^23  cootalns  a  nap  (p*  26) 
shoving  tie  general  location  of  the  station  near  Sncaa^nent* 

Under  the  iroTlelone  of  Contract  17730»  chaoge  order 
of  9  June  1931,  it  was  provided  that  the  Sncas^nent  station  should  be 
operated  011  a  standby  basls»  and  this  authorisation  was  extended  until 
31  iuguet  1931*  Item  2  of  the  Stateisent  of  Work  of  Contract  3978 
acuthorlsed  the  rehabilitation  of  the  £ncai9>aiant  station  "incorporating 
changer  Indicated  as  decirable  by  CHSXBEOUSS  operations  azBi  changee 
necessary  for  year  around  derations**  A;^thorization  to  proceed  with 
work  was  received  ou  27  August  1931* 

The  work  of  rehabilitation  of  Are^  3  consisted  of  the 
following  principal  tasks: 

(a)  Construction  on  new  locations  of  new  and  pernanent 
Instnment  piers; 

(b)  Jbreotlon  of  new  instrunent  shelters  on  these  piers; 

(0)  Corstruction  of  service  building  with  te^orary 

living  quarters; 

(d)  Changing  of  location  of  cables; 

(e)  Installation  of  now  power  generating  equlpaant; 

(:,!)  Is^rovenent  of  access  roads* 

The  spacing  of  the  four  ineiruaent  piers  on  the  teipo* 
rary  locations  was  about  37^  with  an  axiauth  sli^tly  south  of 
west*  locations  for  the  permanent  piers  were  made  on  a  spacing  of 
approximately  3OOO  feet  and  on  an  eaet'west  asiauth*  ^ere  are  design 
nated  A,  B,  0,  and  1)  from  east  to  west*  The  new  location  for  Pier  B 
was  a  few  feet  eastward  from  the  original  location*  Ihe  new  location 
for  Pier  0  was  about  33^  feet  southwest  of  the  original  loeation«  which 
had  proved  unsatisfactory  in  operation  because  of  excessive  noise* 
Similar  changce  were  made  in  the  locations  of  Piers  A  and  B* 

The  nsv  pi^  s  were  constructed  on  solid  bedrock  e99)laee- 
ments  with  dimensione  of  4  feet  by  4  feet*  The  instrument  shelters 
over  the  piers  were  constri;ct«d  with  cement-block  walls  and  ooncrsts 
floor*  Roofs  were  of  wood  conetruction  with  fire-resistant  covering* 

Qie  service  building  le  located  about  3^0  feet  north  of 
the  inetruaent  eheJter  at  Station  C*  It  ie  of  frame  construction,  with 
a  concrete  pier  on  ^Ich  the  enginse  of  the  power  system  are  located* 

Its  dimensions  are  16  feet  by  20  feot;  7  hei^t  to  rafters*  The 
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Fig. C.3  Sketch  Mop  Showing  Locotion  of  Seismic  Stotion 
Necr  Encompment,  Wyoming 
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pov«r  tjretem  coneists  of  ona  lO-Bff  Witt^  dlaeal  electric  plant  for 
noraal  aarrica,  and  one  Kohler  gaaoline  electric  plant  for  relief 
lerrioe*  fhe  ^KV  generator  autofloaticaKly  aeauaeB  the  load  ^on  inter¬ 
ruption  of  eerrice  fron  the  larger  plant* 

file  road  oonatnintion  covered  grading,  installation  of 
oulTerts,  etc*  on  4*8  nilee  of  the  road  betveen  Snca^pment  and  the 
etation,  the  vorlc  being  performed  on  the  portion  nearest  the  etation 
and  on  the  roads  leading  from  the  oentral  station  to  the  instrument 

shelters* 


Is  it  vaa  not  possible  to  let  contracts  for  the  building 
construction  and  road  work  until  after  £7  iugust  the  operations  began 
much  later  than  had  been  scheduled*  She  sub-contractors  vho  had  «arl7 
in  the  euKser  made  propoeale  for  the  work  had  their  equipment  and  man¬ 
power  tied  up  on  other  projects  with  the  result  that  delays  in  starting 
and  carrying  on  the  rehabilitation  of  the  etation  ware  insTitable* 
fhis  made  it  necessary  to  carry  on  much  of  the  construction  after  the 
first  snowfall  in  the  area* 

The  construction  of  the  service  building  was  commenced 
early  in  September  and  it  was  cospleted  about  10  Hovember*  fi.e  diesel 
engine  was  placed  in  operation  about  13  October*  The  gasoline  generator 
was  delivered  8  Deceiiber*  Ihe  construction  of  the  instrument  vaults  was 
delayed  because  of  difficoltiee  in  delivery  of  cement  block  and  becaate 
the  cold  weather  interfered  with  the  pouring  of  concrete  foundation* 
Construction  began  about  1  Oetobar  and  was  not  coiplstsd  until  17  &oem- 
ber. 


The  subeontrnctor  on  the  road  work  commenced  operations 
very  prosptly  and  cospleted  the  contract  on  12  September* 

Secause  of  the  delay  in  the  cospletion  of  the  instrument 
vaults  the  inetrumentt  were  not  moved  to  the  new  locations  until  early 
in  December*  £y  that  time  the  cables  were  frosen  to  the  ground  and  a 
great  deal  of  labor  was  required  in  changing  their  location  to  oonnect 
with  the  new  shelters*  After  the  removal  of  the  instraments  and  cable 
to  the  new  locations,  they  were  calibrated  and  the  system  placed  in 
operation  on  18  December* 

fhe  basic  detection  eyetem  at  this  station  consisted  of 
four  Benioff  vertical  eeismometere  and  two  Benioff  boriiontal  seismom¬ 
eters*  One  vertical  inetrument  wae  installed  in  oach  of  the  instrument 
shelters  described  above  so  that  the  advantagee  of  a  linear  array 
could  be  utilised*  Station  0,  neareat  to  the  central  recording  building, 
also  housed  the  two  horizontal  instrumente,  one  of  idilch  wae  oriented 
1^8  and  the  other  I-V*  Three  Benioff  film  recorders  were  installed 
along  wltl^  two  Bsterline-Angue  single  ciiannel  ink  recorders*  Cie 
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coa|)on«ntB  aad  eunMoatlons  recorded  on  fils  at  thie  station  are  lletedi 
(l)  OonTentional  trace,  horizontal  (2)  conrentional  trace,  hori¬ 
zontal  2^8;  (3)  conventional  trace,  vertical  A;  (4)  conventional 

trace,  vertical  £;  (5)  conventional  trace,  verticrl  0;  (6)  conven* 

tlonal  trace,  vertical  D;  (7}  liigh-galn  trace,  horizontal  (S) 

hi^-galn  trace,  horizontal  K*8:  (9)  hi^-galn  trace,  vertical  0* 

The  high-gain  traces  recorded  the  output  of  the  seiemooeter  after 
ai^lification  hy  zHrkin-Iliiier  hreak-circuit  aiplifier  and  filtering 
through  a  Beere-and-Eeroy  ^e  1  hand-pass  filter  vhich  has  a  center 
frequency  response  at  one  cycle  per  second^. 

In  addition  to  the  filn  recorde  deecrihed  above,  two 
sujDnation  traces  vere  obtained  on  the  ink  recorders*  Sach  of  these 
traces  recorded  the  euamation  of  the  signals  fToa  the  four  vertical 
seismoMters  after  each  had  been  separately  asplified*  Tor  one  trace 
this  cooibined  signal  was  filtered  through  a  Beers-and-Eeroy  Type  2 
band-pass  filter  with  a  center  frequency  at  one  cycle  per  escond,  and 
for  the  other  trace  the  combined  signal  vas  filtered  throu^  a  Krohn- 
Eite  variable  band-pass  filter  centered  at  about  one-i*alf  cycle* 


0*2*6  Eehabilitation  of  Station  near  Douglas*  Ifyomlng 

The  station  near  Douglas,  Wyoming,  identified  as  Ar^  6. 
vas  located  on  the  site  ruTveyed  under  the  provisions  of  Contract  AJ}} 
(03g)-17625«  The  etation  vas  constructed  under  the  authority  of  Con¬ 
tract  AI33  (038)-17730*  The  final  report  on  Contract  17623  contains  a 
»ap  (p«42)  shoving  the  general  location  of  the  station  near  Douglas* 

Under  the  provisions  of  Oontraot  17730*  CQiange  Order  of 
9  July  1951«  it  vas  provided  that  the  Douglas  station  should  be  operated 
on  a  standby  basis,  and  this  authorization  vae  extended  until  3^  August 
1931*  Item  2  of  the  statement  of  vork  of  Oontraot  397^  authorised  the 
rehabilitation  of  the  Douglas  station  "incorporating  changes  indicated 
as  desirable  by  CffiXIEHOUSE  operation  and  changes  necessary  for  year 
around  operation"*  Author i:^at ion  to  proceed  vith  vork  vas  received  on 
27  August  1931*  The  vork  of  rehabilitation  in  Area  6  vas  essentially 
the  same  as  that  required  in  Area  3» 

As  a  result  of  e^erienne  gained  in  the  QEXXHEOUSE 
operation,  it  vas  concluded  that  a  change  in  the  spacing  of  the  instru¬ 
ment  locations  and  the  mzimth  of  the  array  would  be  benefioial  to 
''aceptlon*  The  instruments  had  been  located  originally  on  an  asimuth 
of  cq)proximately  8*  73^  V«  and  eji  interval  of  4400  feet*  The  azimuth 
vas  changed  to  8*  6O”  ¥•  and  the  interval  to  3OOO  feet  in  laying  out 
the  new  array,  Tlie  piers  are  deoignated  as  A,  B,  C,  and  D  from  east  to 
vest*  'Alls  change'  of  array  required  the  shift  of  D  about  2000  feet 
southeastward  and  elmllar  changes  in  locations  of  the  other  instrument 
piers* 
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SCALE  1:31, SSO 


APERUANENT  PIER 


Fig.  C.4  Sketch  Mop  Showing  Location  of  Seismic  Stotion 
Near  Oouglos,  Wyoming 


Qi6  cev  pier  locatlone  vere  excavated  to  bedroclCi  a 
glaciated  sxirface*  flie  dioeneions  of  the  piers  are  4  feet  ’by  4  feet* 
fhe  inetroBent  shelters  are  of  creosot^treated  vood^fraue  constmctlon, 
vith  oozicrete  floors*  Boofs  are  also  of  creoeote-treated  vood  constme- 
tion  vith  fire-resistant  ooatingL  The  servloe  hullding  ie  looated  about 
1500  feet  northeast  of  Station  3*  Its  dimensions  are  I6  feet  b7  £0 
feet*  Ibe  pover  system  oonslsts  of  one  10  IW  Vitte  diesel  eleotric 
plant  for  normal  service  and  one  ^  IV  Ibhler  gasoline  electric  plant 
for  relief  aervloe* 

fioad  construction  in  Area  6  consisted  of  grading, 
draining,  installing  culverts,  and  surfacing  vith  gravel  e^proxinately 
0*8  mile  of  the  access  road  vestvard  from  the  central  recording  building 
to  Pier  3* 


As  authorization  to  commence  work  was  not  received 
until  27  August  and  approval  of  construction  contracts  vas  not  received 
until  the  latter  pert  of  September,  the  commencement  of  vork  in  the 
area  vas  considerably  delayed  beyond  the  date  originally,  planned*  The 
oonstznictlon  of  the  service  building  vas  commenced  about  23  August  and 
it  vas  completed  early  in  Kovemlber*  The  diesel  engine  vas  placed  in 
operation  about  I3  October*  The  gasoline  generator  was  dv^livered 
6  December*  The  instrument  shelters  were  essentially  completed  on 
1  Bbvesber*  Cables  vere  relaid  and  instruments  moved  to  new  locations 
during  the  first  two  weeks  of  Hovecber  and  the  new  array  was  first 
operated  I3  lovember* 

The  instrument  installation  at  this  area  is  identical 
vith  that  at  Xncao^nent  except  for  the  addition  of  a  long-period 
vertical  seismometer*  Thie  seismometer  is  known  as  Type  XVKB  and  opera* 
tee  from  a  balanced  ciqpacity  gap  as  one  leg  of  a  bridge  system  vhich  ie 
energized  by  a  100  ke  carrier  voltage*  It  is  an  instrument  similar  to 
the  Beed  B-D  seismometer  employed  in  Contract  AJ33  (03S)-813»  The  DTHB 
eeismometer  has  an  adjustable  period  yjp  to  20  seconds,  but  attainment 
of  this  period  requires  Ideal  ambient  conditions  of  tesperature  and  air 
motion*  The  record  is  obtained  on  a  paper  tape  by  the  use  of  a  Brush 
pensutor* 


This  long-period  seismograph  vas  operating  during  the 
last  two  events  of  the  Bevada  tests*  The  period  was  set  at  approxi¬ 
mately  3  seconds  and  the  magnlf icatlon  did  not  exceed  12,000*  A 
greater  magnification  could  not  be  used  due  to  the  relatively  large 
Microseisae  present  in  the  long-period  spectrum* 


0*2*7  Activation  of  Station  near  Carmel*  Hev  Tork 

The  station  near  Carmel,  lev  Tork,  ie  located  about  five 
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ffllles  north-northvest  of  the  clt7»  i^ch  ie  the  county  seat  of  Patxuun 
County,  and  about  one  mile  east  of  the  Tillage  of  farmers  Mille*  A 
map  shoving  the  location  of  the  station  is  included  in  the  Ilfth 
Quarterljr  Progrese  fieport  on  vork  performed  under  Contract  AJ33  (03S)*- 
gl5,  dated  5  March  195O,  Part  11,  Plate  4. 

The  equipment  reinstalled  for  this  operation  consisted 
of  one  Benioff  rertical  seisaometer,  one  Benioff  horizontal  seismometer, 
and  one  Benioff  film  recorder,  Tvo  conrentional  earth-povered  traces 
were  recorded.  The  horizontal  seismometer  vas  oriented  about  north 
and  south,  Bo  equipment  vas  available  for  the  operation  of  the  station 
in  ad.dition  to  that  Just  mentioned. 


0,3,0  OHBHATIOHS 

0,3*2.  Operating  ^ocedure 

The  procedures  to  be  foUoved  in  conducting  Operations 
JABGHt  and  BUSTTIH  vere  eetabliehed  In  Letter  Ho,  95^  dated  3  Majr  1931> 
issued  '07  1009th  Special  We^one  Squadron*  It  vas  originall7  oontem* 
plated  that  teste  vould  coosLence  on  1  October  and  continae  through 
30  HoTember,  B7  letter  of  4  September,  information  vas  reoeired  that 
operations  vould  be  delayed  l4  days  and  an  operating  program  dated 
10  October  vas  sent  by  Beers  and  Heroy  to  stations  under  their  super- 
Tision,  Purther  postponements  occurred  and  the  first  event  actually 
occurred  on  22  October, 


C,3*2  Schedule  of  Irente 

ill  events  originated  vlthln  10  km  of  a  point  in 
southern  Hevada,  (hround  Zero  being  placed  at  Latitude  37°^^'  31*3* 
and  Longitude  ll6°0‘’-<25,6"  H,  As  departures  from  the  location  of 
Oround  Zero  vere  along  a  HV-SX  line,  distances  to  Areas  4,  3  6  vary 

by  mch  less  than  10  km  beoatise  of  differences  in  the  exact  location  of 
blasts,  Chacteristics  of  the  blasts  are  given  in  Table  0,1, 


0.3*3  Location  of  Stations 

Instruments  operated  by  Beers  and  Heroy  vere  placed  at 
rather  large  distances  from  the  Hants,  at  locations  intended  to  bracket 
a  predicted  shado^sone  for  seismic  body  vaves.  The  permanent  sites  at 
Areas  3  ^d  6  (distant  S*3°  ^0  9*3^)  fell  vithin  the  edge  of  the  shadoi^ 
zone  on  the  near  side,  a  nev  site  at  Area  11  vas  located  to  fall  vithin 
the  depth  of  the  shadov  (l4^),  idiile  a  nev  site  at  Area  12  emd  the  sta¬ 
tion  at  vere  to  be  beyond  the  ehadov.  Area  12  votild  actually  be 
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fABlA  0*1 


9ai!mar7  of  BUSTXB/JlS&liX  Blaet  Bata 


Blaet 

Bate 

,L,..  :  iT;=".i-jq 

1 

line  (COT)  , 

Xlevatlon  Above  Oround 

Able 

Baker 

Charlie 

Bog 

Xas7 

Surface 

Underground 

22  October  I931 

2S  October  1991 

30  October  1951 

1  Bovesber  I99I 

5  Koveaber  1951 

19  loveiDber  I991 

29  Bovesber  19^1 

i4i30 

19t20:08»g 

15:0000.6 

15*29559.6 

i6:29:5S.2 

16*59*59.8 

19:59*59.7 

100  feet 

1118  feet 

1132  feet 
i4i7  feet 

1314  feet 

0 

Belov  Burfaee  but 
untested 

lAfiLZ  0*2 

Locatioa  of  Statio&B  in.  BUSTXB/JABOXX 


Station 

Betignator 

Location 

Bietanoe  from  Origin** 

Inetronente 

Area  4* 

Area  5 

Area  6 

Area  11 

Area  12 
Station  HA^ 

Laranle,  VyoBlng 
Incan^nent^  Vyonlng 
Bouglae,  V70nlng 
Lavton,  ^ahona 
Annieton,  Alabama 
Oarmely  Bev  Toxk 

9.3®  1028  kn 
8.2®  911  kn 
9.6®  1069  kn 
14.4®  1600  kn 
24.8®  2760  kn 
32.7  3640  kn 

B,  Bv 

B,  Bv,  H,  8S 
B,  Bv,  H,  82 
B,  H,  SB 

B,  H.  SB 

Bv(l),  Bh(l) 

^Operated  'by  military  perBonnel 
**I)l«taiio«e  lees  than  10^  vere  calculated  "by  Blehter'e  method, 


idiile  neater  dletancee  vere  calculated  coorentlo:^ 
forBolae  of  spherloed  trlgonoaetr^. 

B  -  Zhre^cce^onent  Benloff  Inetallatlon 
Br  -  Ihree  Benloff  vertical  eelsaometere 
H  -  Shre^coi^onent  Hi^-galn  eeleotlve 
SS  -  SoaBation,  El^-galn  selective 
SI  -  flonnatlon,  Xarth-povered 


g.  C.5  Map  Showing  Location  of  Long-Range  Stations 


near  to  a  zone  of  abnorinall/  high  eeiemic  aa^litudes*  Qie  main  char- 
acteristiCB  of  each  location  are  listed  in  Table  0*2  and  the  location 
of  the  stations  is  shown  on  the  accospan^ing  sketch  Bait  (Tigure 


OAO  aXPSHlMgglAl  KaSULTB 

Zn  this  preliBtnar;^  report  it  is  not  to  be  esqpeoted  that 
detailed  analytical  studies  can  be  included*  X  selection  of  naterial 
follows  that  will  furnish  a  fair  Beasure  of  the  success  of  the  opera¬ 
tion  from  the  standpoint  of  long-distance  recording*  The  resulting 
data  are  briefed  and  the  principal  inferences  that  have  been  drawn 
fron  these  data  ar^  stated*  In  general*  it  is  not  anticipated  that 
these  preliBinary  conclusions  will  be  appreciably  altered  by  fuz.'&er 
studies*  ^estlon/^ble  data  and  doubtful  conclusions  hare  generally 
been  osdtted* 


0*4*1  SeieaograB  Headings 


0*4*1.1  ^ot  Able 

All  seisBOgraBS  negative* 


0*4«1»2  flhot  Baker 

Possibly  detected  at  Area  6  only*  She 
seisDograas  fToB  the  hi^-gain  sunmation  instruBents  show  fair  correla¬ 
tion  with  suBBation  records  froB  Shots  Charlie*  Hog  and  lasy*  partic¬ 
ularly  at  about  th£  ejected  time  of  7*  A  eosparison  (Sable  0*3)  of 
the  aiplitudes  of  ^*  as  recorded  by  the  Area  6  suBBation  seisBograph* 
using  the  £rohn-E;  e  filter  set  to  pass  frequencies  between  0*8  and 
2*0  cycles  per  second,  indicates  that  fiiot  Baker  was  about  the  sane 
energy  as  Shot  Charlie*  If  this  is  true*  however*  Area  3  should  have 
recorded  Baker*  As  it  did  not*  and  as  the  noise  level  at  Area  3 
reBiU.aed  practically  constant  over  the  time  interval  Including  Baker 
and  Charlie*  it  seeas  probable  that  the  susaation  seisBograph  at  Area 
6  was  operating  at^Considerably  hi^er  than  the  indicated  gain  and 
that*  in  reality*  6  froB  ftiot  Baker  was  considerably  smaller  than 
calculated*  Cie  Area  6  recording  was  strictly  a  borderline  case  and 
it  is  certain  that  the  event  would  have  been  overlooked  under  all  but 
the  most  careful  exaBinations*  even  with  the  knowledge  that  the  event 
had  occurred* 
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ITABIiK  0*3 


JL  OontparlsoQ  of  the  Aaplitudei  of 
fts  Secovded  by  the  irea  B  flonanation  Seieiaoeraph 


Shot 

Stations  in 
Soamation 

System  Cain 

Amplitude  of 

Signal  to 
Boise 

Baker 

Vb,  Vo 

282,000 

4,0  mm 

2:1 

Charlie 

Vb,  Vo 

710,000 

12,0  mm  .017^ 

6:1 

Dog 

Vb,  Vo 

610,000 

16,0  mm  ,02^/^ 

6:1 

O.4.I.3  aiote  Charlie,  Poe  and  Xaey 

Iheee  three  ahote  wer..*  detected  at  Areas  4, 

3,  and  6.  8el8iaogra]ii&  from  Areas  11  and  12  and  HA^  were  all  nsgatire* 

Weather  conditions  on  1  WoTeaiber,  in  connect- 
tion  with  the  occurrence  of  Slot  Sog  3^  minutes  earlier  than  scheduled, 
resulted  in  the  loss  of  the  initial  phases  at  Area  6;  S  phases  were 
successfully  recorded,  hoverer*  Seismo^rrams  from  Area  4  did  not  shov 
the  Ta  on  any  of  the  ahote  •  a  conseq^ience  of  local  noise  conditions 
and  of  the  very  low  aaplitude  of  Pn  at  that  distance  (1022  1cm), 

In  malcing  the  analysis  of  the  seismograms, 
independent  measurements  vere  first  made  on  records  of  each  shot,  then 
records  from  the  three  shots  vere  intercompared,  anti,  finally,  features 
common  to  records  of  all  blasts  vere  selected  for  further  study,  Ibr 
purposes  of  this  report,  particular  eiqphr.sis  is  placed  on  the  measure-' 
ments  of  the  diaraeteristics  of  Slot  Sasy,  idiich  was  the  leirgest  of  the 
shots.  Information  on  Charlie  and  Dog  is  in  the  form  of  measurements 
relative  to  those  of  Xasy,  Tables  C,4,  0,3  and  0,6  give  the  basic 
information, 

Pn  -  Sormal  first  preliminary  longitudinal  vuve  observed 
at  epicentral  distances  greater  than  about  I3O  1cm, 
Propagation  path  considered  to  be  immediately  below 
the  crustal  layers, 

?  ->  Wormal  first  preliminary  longitudinal  wave  observed 
at  epioontral  distances  less  than  about  I30  km, 

^opsgatlon  path  considered,  to  be  in  a  superficial 
surface  layer. 
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Pd  -  Obiervod  late  arriyal  longitudinal  vaye  of  thie  Btudjr. 
Propa^tion  path  not  Icnovn. 

Bn  -  Shear  vaye  of  eaoe  path  aa  Pn« 

*3  -  Shear  vaye  of  eame  path  as  IP. 

8d  -  Siear  vaye  of  tame  path  ae  Pd. 

frayel-tiae  inforsation  is  presented  ^n 
Tlgure  0.6,  and  discuseed  in  nore  detail  in  a  folloving  section  of  this 
report,  i^litude  information  is  preeented  in  Pigure  O.y. 


2ASLS  0.4 

Ainaar^  of  !£rayel-Iine  and  ioplitude 
Information  for  9iot  Sas/  <•  Area  4 


Phase 

Ooi^onent 

Instrument 

Xrayel-Time 

(minisec) 

Period 

(Sec) 

Peak'Peak 

Asplitude 

Pa 

lot  yisihle 

e 

Z 

Benioff 

2134 

0.S 

0.0052 

IPd 

Z 

Beni off 

21^.7 

1.0 

0.0C47 

l5 

Z 

Benioff 

3:Q6«5 

1.1 

0.0(73 

1 

Bsnioff 

1.0 

0.0095 

eSd 

Z 

Benioff 

5:00 

e? 

z 

Benioff 

5:20 

1.1 

o.ooyg 

X 

Benioff 

5:24 

1.3 

0.01 

Sbise 

z 

Benioff 

0.3 

0.003 

z 

Benioff 

0.05 

0.001 
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TABLE 


Souarj  of  Tfavel-Tiine  and  isplitude 
Information  for  Siot  Zaij  -  Aroa  ^ 


Phase 

Oos^onent 

Instrument 

Travel-Tine 

(nln:eeo) 

Period 

(Sec) 

Peak-PoBlc 

Ao^litude 

IPn 

Z 

^K-Hj 

2:02.2 

1.2 

0.00255 

Z 

Benioff 

0.4 

0.00086 

0.5 

0.00065 

1.2 

0.0041 

1(1)) 

Z 

2:05.1 

1.0 

0.0025 

Z 

Benioff 

1.0 

0.0029 

l(o) 

Z 

2:ll.U 

1.0 

0.0027 

Z 

Benioff 

1.0 

0.0029 

IPd 

Z 

2«37.‘* 

0.9 

0.0038 

Z 

Benioff 

0.9 

0.0055 

if 

Z 

^“Hs 

2i44.3 

0.5  i 

0*0044 

Z 

Benioff 

0.9  1 

0.007 

ISl 

Z 

tK“Hs 

Ui31.2 

0.9  1 

0.004 

z 

Benioff 

0.9 

0.01 

il 

z 

IMj 

4iU3.1 

1.1 

0.0086 

z 

Benioff 

1.2 

0.014 

BS  j 

Bo  record; 

Benioff  reoorc 

ler-aotor  i 

(topped 
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lABLe  C.6 


Bojsmerj  of  Tlra?6l-Iiiie  and  Is^litude 
Information  for  ftiot  Xasj  -  iirna  6 


Phase 

Component 

InBtrument 

Travel-TiBe 

(BLin:eec} 

Period 

(Sec) 

Peak-Peak 

Aq)litud^ 

ePn 

Z 

2J23.4 

0.7 

0.0022 

Z 

Benioff 

0,4 

0.0006 

1 

z 

2*35.2 

1.0 

0,0137 

z 

Benioff 

1.0 

0,004 

iPd 

z 

£E-H: 

3*oo,g 

0,8 

0,0113 

z 

Benioff 

0,8 

0,0027 

z 

^  r-H; 

3*i4.2 

0.8 

0,01 

z 

Benioff 

0,8 

0,0038 

iSd 

z 

SIM; 

5*11.2 

0.9 

0,026 

z 

Benioff 

? 

il 

z 

5*32.5 

IJ. 

0,049 

z 

Benioff 

1.2 

0,033 

Surface  giot 

PosBlbly  detected  at  irea  3  onl7«  On  the 
eusaation  record  (K-H  filter),  there  ii  a  general  increaee  in  aotlTltj 
at  the  predicted  time,  but  definite  phaeee  are  not  in  eridence* 
Signal-to-noiee  ratic  ie  eetiaated  at  1:1  or  leee. 


0.^^*,1.5  TTpder ground  Siot 

PosBibl7  detected  at  vlreaf  3  6  onlj. 

Signal-to-noiee  ratio  of  2:1  or  lees  at  Area  3:  eigned-to-noiee  ratio 
of  1:1  at  Area  6t  Definite  phaeae  vere  not  diecernible  to  the  e/e,  but 
there  exiete  a  poBBibilit/  that  Btatietlcal  correlation  sethode  ma/  be 
able  to  reveal  phauee  on  BeiemogramB  from  Aren  3* 

0.4,1, 6  Initia?.  larth  Motion 

Tlret  longitudinal  motion  appeared  to  be 
WARD  on  eeisBOgramB  from  Area  3  (&'Ot  Xae/}  and  Area  6  (Slot  Gharlie), 
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Oa  other  records  the  first  ootlon  Is  In  douht  due  to  the  unfavorable 
elgnal-to-nolee  ratios  at  the  tijie  of  Pn» 


0*4.2  Qorrelation  Studies 

Jle  a  step  toward  deterainin^  lAether  or  net  there  are 
discriainatory  eharacteristice  of  blasts,  aM  if  so,  what  these  char- 
aoteristics  are,  a  nuiber  of  correlation  charts  were  confuted.  This 
aethod  yielded  considerable  succees  with  the  OBMSSOUSS  seisaograms, 
and  it  wae  hoped  that  similar  succese  nd^t  result  with  recent  eeieno- 
grams*  Specifically,  it  wae  hoped  that  the  OfiXSNHOUSE  seiemogram 
characteristic  of  a  one^ssoond  pulse,  followed  after  about  20  seconds 
by  a  short  train  of  waves  increasing  in  period  to  about  1*2  seconds, 
would  be  found  to  exist  in  the  Fn  group  from  the  recent  blasts.  Ciis 
hope  was  based  on  the  eimilarity  of  OSSEHSOUSE  records  from  locations 
at  greatly  different  epicentral  disi^ancee*  Accordingly,  cross  correla¬ 
tions  between  records  of  the  two  blast  series,  from  similar  Instruments 
were  coi^ted*  Aside  from  a  generally  hi^  "background  correla;- 

tion*  on  selective  seismograucs  (to  be  expected,  since  noise  character¬ 
istics  are  determined  in  large  measure  by  the  narrow  pass-band  of  the 
instrument)  no  definite  increase  in  correlation  appeared  at  the 
ejected  time*  Ihe  conclusion  is,  then,  that  the  character  associated 
with  0B121!a07SI  blasts  was  due  either  to  local  conditions  at  Knlweto^, 
or  is  to  be  found  only  in  a  blast  signature  when  recorded  at  great 
dj.ebances* 


IText,  in  order  to  find  Aether  cr  not  there  were  impor¬ 
tant  similarities  between  Fn  groijpe  at  Areas  3  and  6,  oorrelation 
graphs  were  computed  for  Shot  Easy*  Eo  correlation  was  found  to  exist, 
indicating  little  similarity  between  signatures  at  the  two  areas*  iPn 
asplitudes  were  very  low,  however,  and  thei^e  is  certainly  sn.  iiportiint 
effect  of  the  background  noise  on  this  correlation. 

The  coBparison  of  signatures  at  a  single  area  from 
different  blasts  has  not  been  co^leted;  however,  it  is  safe  to  say 
that  a  high  oorrelation  of  the  essential  features  will  be  fourd  to 
exist*  This  statement  is  based  on  the  fact  that  Pn,  7,  Pd,  0  and  6d 
have  been  visually  croes-correlated  between  records* 


0.5.0  COaOLUSIOHS 


0*5*1  Travel  Times 


X02 


Pn.~waTe 


ArrlTals  at  Arsas  ^  aad  6  ara  some^iat  doubt¬ 
ful,  due  to  the  yery  lov  elgiaal  anplltudos,  and  hence  the  speed  Is  not 
certalzily  knovn*  She  tlmee  as  read  are  r^resented  by 


t 


(oa) 


where  z  Is  the  eplce&trel  dlstanoe  in  ku  and  t  is  tlae  In  seconds*  As 
this  interpretation  i^Xlee  a  s^irface  layer  of  relatirely  high  Telocity, 
and  as  the  usual  T  waue  tbrou^  the  surface  layer  was  detected,  then  it 
ie  apparent  that  the  interpretation  is  not  possible.  If  this  is 
actually  the  saaa  wave  detected  at  t&aller  dietancee  with  a  Telocity  of 
about  7*2  ha/eec*  (rezbal  coamonication  froa  Mr*  Orocher),  then  the 
obserred  waves  are  represented  by 

t--5.i*+  -=V  (iU'.a  5)  (O.a) 

/  tiO 

or  t  -6,3  +  (Area  6)  (0,3) 

7»>5 

depending  on  ^ich  tioe  ie  considered  acre  reliable*  An  intercept  of 
about  six  seconds  lopliee  propagation  at  a  depth  of  the  order  of  13  lea, 
which  does  not  seen  unreasonable. 


0,5,1*2  te-waTs 

Not  detected, 

0,5,1,3  ^  waTe 


A  strong  arriTal  at  Areas  4,  3»  ^  vas 

detected  exhibiting  a  velocity  olcee  to  that  usually  associated  with 
propagation  in  the  upper  (granitic)  layer,  Asouaing  the  intercQ)t  at 
the  origin  to  be  ssro,  the  tiaes  are  best  represented  by 


t  n 


X 

5.52 


(3.4) 


This  wave  was  detected  ae  the  first  arrival  at  distances  less  than 
about  one  degree)  (verbal  coaannication)  and  apparently  persists  beyond 
nine  degrees,  althou^  it  is  i^uite  weak  at  Area  6  (9*6  degrees). 
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0.5. I  vaTe 

S  vae  claarlj  detected  at  three  sites  (Areas 
5%  6)>  (kt  a  tiae  r presented  hj 


t  a 


X 

Z»2Z 


(0.5) 


Although  relatlreljr  veak  at  Areas  k  and  5i  the  correspondence  of  the  P 
and  ^  vaves  on  the  eeieBograioe  le  i^ulte  notlceablei  and  the  agreement 
of  the  arrival  times  is  exeellenti  At  area  7  is  the  outetanding 
vaTS  on  the  recorde,  with  anoaalousl7  high  a]q)litude  eo9|}ardd  to  the 
same  vave  at  other  areas.  Cie  e^lans.tion  for  this  ie  not  knovn. 


0.5«1«5  ^  vave 


Identification  of  the  propagation  path  of  Pd 
has  not  been  completed,  and  its  significance  is  not  knovn.  Area  5 
seismograms  show  it  as  a  stroi^  arrivaJ.  Just  before  7;  that  it  is  a 
significant  (non-random)  arrival  is  verified  bj  its  existence  on 
records  of  three  eventSt  and  hj  the  exietenoe  of  the  corresponding 
shear  phase.  An  attemtt  to  correlate  Pd  between  stations  was  made, 
and,  while  aq;>litudee  are  somewhat  low  at  Areas  4  and  6,  the  mntual 
agreemant  in  time  is  good,  tentatively,  the  arrival  tine  is  considered 
to  be 


t  -  22,4  +  .  (C.6) 

Inch  a  large  time  intercept  is  difficult  to  explain,  exoept  as  a 
result  of  a  reflected  or  sultiply-reflected  propagation  path. 


0.5.1. 6  8i  wave 


wave  was  observed  at 


Apparently  of  the  seme  origin  as  Pd,  this 


t 


4l.O  4 


(0.7) 


Its  significanoe  is  not  known. 


0.5*2  Aiqplitudes 

In'ormation  on  the  ai^litudss  of  the  several  waves  at 
Areas  4,  5,  and  6  is  summarised  in  Pigure  0.7*  la  general,  the  waves 
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AMPLITUDE  IN  MICRONS  PEAK  TO  PEAK 
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Fig.  C.7  Attenuotion  Curve  Bosed  on  Easy  Shot 
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show  a  similar  attenuation  with  distance,  with  the  exception  of  the 
already  mentioned  anomalous  aa^lltuds  of  'S  at  Area  6«  The  rate  of 
attenuation  is  rou^^y  of  the  order  predicted  hy  the  earthquake  ma^l- 
tude  studies  of  Gutenberg  and  fiichter*  Althou^  it  Is  dlffleiilt  to  make 
an  exact  estimate  of  the  magnitude  of  fibot  JSasy,  since  the  instrumental 
magnitude  scale  for  small  distances  is  given  in  terns  of  as^litudes 
measured  on  a  standard  Wood-Anderson  horizontal  seismograph  and  the 
blast  recordings  were  for  the  most  part  registered  on  Senioff  vertical 
seismogre^hs,  nevertheless,  an  estimate  of  about  Magnitude  4,0  seems 
reasonable*  In  this  case,  aii^lltudes  of  the  P  waves  at  great  distances, 
predicted  by  the  magnitude  for  shallow  focus  events  (althou^  not 
surface  events),  would  be  of  the  order  of  0*02  micron,  peak*to*peak* 

This  Is  clearly  too  large  by  perhaps  one  magnitude,  since  aiplltudee  of 
this  size  are  routinely  detected  at  USAP  surveillance  sltee,  and  the 
blaet  in  question  was  not  detected  at  these  sites* 

The  unusually  large  asplltude  of  *§  has,  to  the  best  of 
our  knowledge,  not  been  noted  before  in  the  case  of  large  e:q}10Blone; 
Indeed,  exploslone  not  specifically  designed  to  produce  shearing 
forces  are  noteworthy  for  their  lack  of  shear  waves*  As  might  be 
expected,  the  wave  is  predominantly  SV  and  is  most  noticeable  on  the 
vertical  cos^onents;  horizontal  shear  components  (Si)  are  hardly 
detectable*  Bo  reason  can  be  given  for  the  sudden  increase  in  aipll* 
tude  at  Area  6* 


0*5.3  Miscellaneous 


The  evaluation  of  the  performance  of  ths  ssreral  types 
of  Instruments  in  the  light  of  ths  general  detsetien  mission  has  not 
bean  co^lsted*  However,  a  few  remarks  may  bs  mode  at  present*  In 
general,  seismograms  from  ths  linear  arrays  at  Areas  5  6  provided 

the  moet  useful  information  on  the  blasts*  and  were  most  eatlsfactory 
for  purposes  of  analyeis*  This  was  the  result  of  the  high  magnifica¬ 
tions  obtainable  and  of  the  favorable  a^ect  ratio  (ratio  of  ai|>lltude 
of  selemlc  information  to  wave  period)  on  these  records*  While  moet 
of  the  Inforabtlon  to  be  found  on  the  array  sslsmograms  was  aleo 
present  on  the  Benioff  and  high*galn  selective  seismograms,  the  very 
low  ratio  of  asplltude  to  period  on  the  film  records  made  measurements 
difficult,  and  made  it  virtually  Impoeslble  for  an  analyst  to  detect 
^en  a  new  significant  phase  appeared,  or  to  differentiate  between 
wavs  groups*  The  general  feeling  among  the  men  who  examined  the 
records  was  that,  for  events  of  such  small  asplltude,  the  records 
would  have  been  considerably  Inprovsd  in  assfulnees  had  they  been  able 
to  cut  the  recording  speed  in  half,  and  at  the  same  time,  double  the 
gain* 
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On  the  other  elde  of  the  picture,  aii|)litude  Beaeure- 
menti  on  the  array  eelino^raiae  are  fubjeet  to  great  iincertaint7,  eince 
the  recorded  aiqplltude  depende  on  ground  aa^litude,  period,  vare 
Telooitj  and  asinuth  of  arriral  at  the  array.  It  may  be  noted  froa 
Tablet  and  0.6  that  the  ratio  of  aiplitudte  on  the  array  reoorde 
to  ai^litudet  on  Benioff  reoorde  deoreaeee  eteadily  with  inoreaeing 
tive  after  the  blaet*  Ihie  ie  a  etatesent  of  the  faot  that  later, 
elower  arrirale  (for  a  given  frei^uenoy)  fall  aore  within  the  phase- 
oanoellation  band  of  the  array  than  earlier  fatter  arrivale.  It  wae 
alto  noted  that  the  randosi  oontent  of  the  reoordioge  froa  the  arraye 
at  Areae  ^  and  6  appeared  to  be  higher  than  that  noted  on  the  Benioff* 
Shit  oay  be  the  result  of  a^lifier  noiee,  or  of  variation  of  the 
paraaetere  of  the  ai^lifiere* 
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